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F O R E  WORD 

T h i s  d o c u m e n t  is o n e  of a s e r i e s  r e q u i r e d  b y  C o n t r a c t  NAS9-9953, 
E x h i b i t  C ,  S t a t e m e n t  of W o r k  f o r  Phase B E x t e n s i o n - M o d u l a r  S p a c e  S ta t ion  
P r o g r a m  Def in i t ion .  It has b e e n  p r e p a r e d  b y  the  S p a c e  Div i s ion ,  N o r t h  
A m e r i c a n  R o c k w e l l  C o r p o r a t i o n ,  and  is s u b m i t t e d  to  the N a t i o n a l  A e r o -  
n a u t i c s  and  S p a c e  A d m i n i s t r a t i o n ' s  M a n n e d  S p a c e c r a f t  C e n t e r ,  Hous ton ,  
T e x a s ,  i n  a c c o r d a n c e  w i t h  the  r e q u i r e m e n t s  of D a t a  R e q u i r e m e n t s  List 
( D R L )  M S C - T - 5 7 5 ,  L i n e  Item 69. 

T o t a l  d o c u m e n t a t i o n  p r o d u c t s  of t he  e x t e n s i o n  p e r i o d  a r e  l i s t e d  i n  the  
fo l lowing  c h a r t  i n  c a t e g o r i e s  t h a t  i n d i c a t e  t h e i r  p u r p o s e  and  r e l a t i o n s h i p  to  
t h e  p r o g r a m .  
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1. INTRODUCTION AND SUMMARY 

This  r e p o r t  p r e s e n t s  t h e  f i n a l  m a s s  p r o p e r t i e s  f o r  t h e  Modular Space 
S t a t i o n  Program Phase B D e f i n i t i o n .  The format of t h e  document fac i l i t a tes  
t h e  review of t h e  m a s s  p r o p e r t i e s  by fo l lowing  t h e  i n t e n t  of MIL-M-38310A 
(USAF). 
t o  r e p o r t  Modular Space S t a t i o n  Summary Weights. 
s ta tement  forms wi th  des ign  d a t a  summaries were used as reques ted  t o  r e p o r t  
Modular Group Weights. 

The new MSC Summary Weight Statement  form w a s  used as reques t ed  
The new MSC group weight  

A l l  weights  r epor t ed  are t a r g e t  weights .  

The modular Space S t a t i o n  used f o r  de te rmining  t h e  mass p r o p e r t i e s  
w a s  t h e  p re l imina ry  des ign  c o n f i g u r a t i o n  from t h e  s tudy .  

During t h e  s tudy  phase,  t h e  weights  were coded by t h e  NR f u n c t i o n a l  
breakdown so t h a t  t h e  d a t a  could b e  used d i r e c t l y  by c o s t  ana lyses  and 
by p r o j e c t  f o r  group r e s p o n s i b i l i t y  s t a t u s  weights .  
t h i s  i n t r o d u c t i o n  p r e s e n t  t h e  summary o f  t h e s e  weights  w h i l e  t h e  main body 
of t h i s  r e p o r t  is  coded by MSC (NASA) coding. 

The f i r s t  t a b l e s  i n  

I N I T I A L  SPACE STATION CONCEPT 

The MSS system c o n s i s t s  of a c l u s t e r  of f o u r  common s t a t i o n  modules, 
two s p e c i a l  modules ( c o r e  and power),  and a cargo module a r ranged  i n  a 
cruciform c o n f i g u r a t i o n  as shown i n  F igu re  1-1 and w i t h  dimensional  
c h a r a c t e r i s t i c s  as shown i n  F igu re  1-2. 
capable  of be ing  t r a n s p o r t e d  t o  and from o r b i t  i n t e r n a l  t o  t h e ' s p a c e  shu t t l e  
f o r  on-orb it assembly. ' 

Each module of t h e  system i s  

The i n i t i a l  s t a t i o n  system has t h e  c a p a b i l i t y  t o  suppor t  a t  least 
s i x  crewmen, has  a g e n e r a l  purpose l a b o r a t o r y  (GPL) c a p a b i l i t y ,  and h a s  
t h e  a b i l i t y  t o  accommodate two a t t a c h e d  o r  detached r e s e a r c h  and app l i ca -  
t i o n  modules. The GPL c a p a b i l i t y  i n c l u d e s  two a i r l o c k s ,  one earth o r i e n t e d ,  
and t h e  o t h e r  z e n i t h  o r i e n t e d .  

The MSS system i s  designed and s i z e d  f o r  o p e r a t i o n  a t  an a l t i t u d e  
of 240 nm and an  i n c l i n a t i o n  of 55 degrees .  The b a s i c  f l i g h t  mode i s  w i t h  
t h e  X - a x i s  pe rpend icu la r  t o  t h e  o r b i t  p l ane ,  t h e  Z-axis a long  t h e  l o c a l  
ver t ical ,  and t h e  Y - a x i s  o p p o s i t e  t o  t h e  v e l o c i t y  v e c t o r  (X-POP, Z-LV, 
Y-OVV). 
i n e r t i a l  f l i g h t  f o r  s o l a r l s t e l l a r  viewing and s h u t t l e  approach and b e r t h i n g /  
unber th ing  o p e r a t i o n s .  
between 240 and 270 nm a t  an i n c l i n a t i o n  of  55 degrees  i n  e i t h e r  a l o c a l  
v e r t i c a l  ho ld  o r  i n e r t i a l  ho ld  f l i g h t  mode. 

This  mode w i l l  b e  flown a t  a l l  t i m e s  except  f o r  s h o r t  pe r iods  of  

The system i s  capab le  of  o p e r a t i n g  a t  a l t i t u d e s  

1.2 
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Figure  1-2. S t a t i o n  Dimensional C h a r a c t e r i s t i c s  
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I n i t i a l  Space S t a t i o n  Buildup 

The Modular Space S t a t i o n  Buildup phase beg ins  w i t h  t h e  s h u t t l e  
launch and d e l i v e r y  t o  o r b i t  of t h e  f i r s t  module. 

Seven module l aunches ,  F igu re  1-3 and 1-4 are r e q u i r e d  t o  reach  the 
I n i t i a l  Opera t iona l  C a p a b i l i t y  (IOC) of t h e  six-man space  s t a t i o n .  A l l  
i n i t i a l  manning c a p a b i l i t y  e x i s t s  fo l lowing  t h e  f o u r t h  launch.  The modular 
c l u s t e r  a t  t h i s  p o i n t  has  a minimum of  one complete set of subsystems, 
Volume 1 (V,) and Volume 2 (V ) ,  and d u a l  e g r e s s  c a p a b i l i t y .  This  assembly 2 of modules a l s o  i n c l u d e s  p a r t  of t h e  GPL c a p a b i l i t y .  

%ace S t a t i o n  Subsvstems 

The space  s t a t i o n  system c o n t a i n s  seven f u n c t i o n a l  subsystems as shown 
i n  F igu re  1-5. A b r i e f  f u n c t i o n a l  d e s c r i p t i o n  of t h e  subsystems i s  p resen ted  
i n  t h e  fo l lowing  paragraphs .  

S t r u c t u r a l  and Mechanical Subsystems 

The s t r u c t u r a l  and mechanical  subsystem p rov ides  t h e  space  s t a t i o n  
p r e s s u r e  enc losu re  as w e l l  as t h e  l i v i n g  and working q u a r t e r s  conta ined  
w i t h i n  t h e  s t r u c t u r e .  It provides  f o r  t h e  mounting of  a s s o c i a t e d  subsystem 
hardware and t h e  g e n e r a l  purpose l a b o r a t o r y  p r o v i s i o n s  and p rov ides  s t o r a g e  
f a c i l i t i e s .  It a l s o  p rov ides  b e r t h i n g  p o r t s  and mechanisms f o r  crew and 
equipment t r a n s f e r .  

Environmental Cont ro l  L i f e  Support  Subsystem 

The environmental  c o n t r o l  l i f e  suppor t  subsystem (ECLSS) p rov ides  
e s s e n t i a l  a tmospheric  g a s e s ,  t empera ture ,  p r e s s u r e ,  and humidi ty  c o n t r o l ,  
food s t o r a g e  and p r e p a r a t i o n  p r o v i s i o n s ,  water and w a s t e  management, and 
pe r sona l  hygiene  f a c i l i t i e s  and materials f o r  modular space  s t a t i o n  opera- 
t i o n  wi th  a crew of s i x .  The subsystem ma in ta ins  thermal  ba l ance  of t h e  
MSS as w e l l  as emergency r e a c t a n t  s t o r a g e  f o r  t h e  e l e c t r i c a l  power and 
r e a c t i o n  c o n t r o l  subsystems.  I n  a d d i t i o n ,  s p e c i a l  l i f e  suppor t  c a p a b i l i t i e s  
are provided f o r  emergency cond i t ions .  

Electrical  Power Subsystem 

The e lec t r ica l  power subsystem s h a l l  s t o r e ,  g e n e r a t e ,  r e g u l a t e ,  
c o n t r o l ,  and c o n d i t i o n  e l e c t r i c a l  power r e q u i r e d  by the-MSS f o r  t h e  f u l l  
d u r a t i o n  of  t h e  mis s ion ,  i nc lud ing  backup and emergency con t ingenc ie s  
(except  f o r  emergency f u e l  c e l l  r e a c t a n t s  which are s t o r e d  by t h e  ECLSS). 
I n  a d d i t i o n ,  t h e  e lectr ical  power subsystem s h a l l  b e  capable  of t r a n s f e r r i n g  
power t o  docking l o g i s t i c s  v e h i c l e s  and r e s e a r c h  and a p p l i c a t i o n s  modules 
through e lectr ical  i n t e r f a c e s ,  b e s i d e s  power d i s t r i b u t i o n ,  t h e  electrical  
power subsystem p rov ides  t h e  e l ec t r i ca l  d i s t r i b u t i o n  wi r ing  of a l l  subsystem 
i n t e r f a c e s .  

1.4 
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Figure  1-3. I n i t i a l  S t a t i o n  Buildup Approach 
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The e lec t r ica l  power subsystem s h a l l  p rovide  f o r  t h e  g e n e r a l  l i g h t i n g  
needs throughout  t h e  i n t e r i o r  and e x t e r i o r  of t h e  space  s t a t i o n .  

Guidance and Cont ro l  Subsystem 

The guidance and c o n t r o l  subsystem (G and C) determines t h e  a c t u a l  
and d e s i r e d  s t a t i o n  s ta te  v e c t o r ,  p rovides  s t a b l e  a t t i t u d e  f o r  t h e  conduct 
of experiment o p e r a t i o n s ,  and provides  commands t o  t h e  r e a c t i o n  c o n t r o l  
subsystem t o  maneuver t h e  s t a t i o n  t o  t h e  d e s i r e d  s ta te  v e c t o r .  

React ion Cont ro l  Subsystem 

The r e a c t i o n  c o n t r o l  subsystem ( t o g e t h e r  w i t h  t h e  to rques  supp l i ed  
by t h e  c o n t r o l  moment gyroscopes) provides  t h e  f o r c e s  and moments necessa ry  
f o r  a t t i t u d e  c o n t r o l  of t h e  space  s t a t i o n  and t h o s e  f o r c e s  r e q u i r e d  f o r  
o r b i t  a l t i t u d e  maintenance. 

In f  o r m t  i o n  Subsys t e m  

The MSS informat ion  subsystem provides  t h e  e f f e c t i v e  a c q u i s i t i o n ,  
p rocess ing ,  d i s t r i b u t i o n ,  and a n a l y s i s  of d a t a .  It serves miss ion  planning 
and o p e r a t i o n s  schedu l ing ,  command c o n t r o l ,  checkout ,  monitor and alarm, 
c o n f i g u r a t i o n  c o n t r o l ,  i nven to ry  c o n t r o l ,  f l i g h t  c o n t r o l ,  d a t a  management, 
suppor t  between MSS subsystems, t h e  ground network, docked v e h i c l e s  ( space  
s h u t t l e ,  RAM'S, and cargo  modules),  i n t e g r a l  experiments  and t h e  crew us ing  
communications, d i s p l a y s  and c o n t r o l s ,  d a t a  p rocess ing ,  so f tware ,  and 
s p e c i a l  suppor t  equipment. 

C r e w  Habi t  ab ili t y  Subsystem 

The crew h a b i t a b i l i t y  subsystem s p e c i f i e s  me tabo l i c ,  a tmospheric ,  
and h a b i t a b i l i t y  c r i te r ia  and provides  food s u p p l i e s ,  c l o t h i n g  and 
f u r n i s h i n g s  necessa ry  f o r  crew comfort ,  w e l l  be ing ,  and s u r v i v a l .  The 
subsystem provides  g e n e r a l  equipment inc lud ing  t o o l s ,  mob i l i t y  a i d s ,  
emergency 02 masks and r a d i a t i o n  moni tor ing  devices  f o r  t h e  crew. 
a d d i t i o n ,  equipment i s  provided f o r  crew r e c r e a t i o n ,  e x e r c i s e ,  and 
medical  c a r e .  The subsystem a l s o  provides  p r e s s u r e  s u i t s ,  p o r t a b l e  l i f e  
suppor t  systems,  and r e l a t e d  equ5pment f o r  EVA/IVA o p e r a t i o n s .  

I n  

System Weight 

MSS system weights  are b u i l t  up i n  t h r e e  d i s t i n c t  l e v e l s  dep ic t ed  i n  
F igu re  1-6, Design-to-Weight, Closeout Weight, and S h u t t l e  Payload Weight. 
S h u t t l e  payload weight  i s  t h e  maximum a l lowab le  payload launch weight  of 
a module. 

1 . 7  
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SERVICE FLUID 8 G& > 0 EPS/RCS/ECS TANKED A .THERMAL LOOPS SERVICED 
.GPL & AIRLOCKS - 

LEVEL 1 GUIDELINE 1-1 1 1  
THE DESIGN-TO-WEIGHT SHALL 
bIOT EXCEED 20,000 LE 

7 .LAUNCH ATMOSPHERE / 

ICAL 8, PHARMACEUTICAL SUPPLIES 
'I EQUIPMENT INANT MEASURE 

I CLOSEOUT WEIGHT I 

? % OF DRY WEIGHT 
(SYSTEM MARGIN) 

.CREW 8, 7-DAY PROVISIONS 

.SHUTTLE ADAPTER 

SHUTTLE 
PAYLOAD WEIGHT 0 25,000 AT 55'/270 N MI 

Figure  1-6. System Weight 

The 20,000 pound design-to-weight i s  comprised of both d ry  weight  
and t h e  f l u i d s  and gases  r equ i r ed  t o  make t h e  modules o p e r a t i o n a l .  This  
design-to-weight i nc ludes  both  a i r l o c k  and antenna packages as w e l l  as 
t h e  e n t i r e  GPL f u r n i s h i n g s .  

Experiment equipment, s u p p l i e s ,  and crew l o g i s t i c  i t e m s  are added t o  
s e l e c t  modules t o  provide  a f u l l y  o p e r a t i o n a l  f a c i l i t y  when manned. The 
r e s u l t a n t  c loseou t  weight  a l s o  w a s  h e l d  t o  t h e  20,000 pound g u i d e l i n e .  
This  c loseou t  weight  r e p r e s e n t s  t h e  c u r r e n t  module launch weight  a t  t h i s  
p o i n t  i n  t h e  development schedule .  The c loseou t  weights  i nc lude  a l l  hard-  
ware i t e m s  and t h e  necessa ry  mounting p r o v i s i o n s .  S h u t t l e  payload weight  
must i n c l u d e  t a r i f f  i t e m s  due t o  t h e  bu i ldup  ope ra t ions .  The d i f f e r e n c e  
between t h e  c loseou t  weight  p l u s  t h e  t a r i f f  i t e m s  and t h e  s h u t t l e  payload 
weight is t h e  system margin a l l o c a t e d  f o r  weight  growth as t h e  program 
matures  from Phase B t o  Phase D .  
as Table  1-1. 

The system weight  summary is  p resen ted  

The s h u t t l e  des ign  r e f e r e n c e  miss ion  (DRM) b a s e l i n e  c o n f i g u r a t i o n  
(F igure  1-7) has  t h e  a b i l i t y  t o  i n s e r t  a 20,000 pound t a r g e t  payload weight  
i n t o  o r b i t ,  execu t ing  v a r i o u s  maneuvers and f i n a l l y  d e o r b i t i n g  and l and ing  
us ing  27,730 pounds of OMS + ACPS p r o p e l l a n t .  Two of t h e  normal on-orb i t  
rnaneuvers inc lude  rendezvous and docking which consume n e a r l y  5,000 pounds 
of OMS p r o p e l l a n t .  

1.8 
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30 

20 

10 

0 

* OPERATIONAL ALLOCATION 
SHUTTLE MANEUVERING PROPELLANT 
(OMS + ACPS) 

- 
r$ I 

L- J 

ORBIT INJECT I ON 
*STATIONKEEPING 
OREDOCK CONTINGENCY) 
ODEORBIT IWlTH PAYLOAD) 
OPRE-ENTRY -I *ENTRY 

DRM 1ST MODULE LAUNCH 
(270 N MI X 55') (274 N MI X 55") 

PAYLOAD INCREASE 

UP 8 DOWN 
PAYLOAD WEIGHT (LB) 

25,000 

SHUTTLE M A N  EUVER 1 NG 
PROPELLANT A I 

F i g u r e  1-7. MSS Buildup - F i r s t  Launch Capab i l i t y  

The first MSS launch does n o t  r e q u i r e  t h i s  p r o p e l l a n t  a l lowance s i n c e  
the maneuvers are n o t  r equ i r ed .  Even though the f i r s t  launch is i n s e r t e d  
a t  about 274 nautical m i l e s  (and allowed t o  decay t o  270 n a u t i c a l  m i l e s  
over  a 3-month p e r i o d ) ,  t h e  p r o p e l l a n t  weight  saved could  be  conver ted  t o  
payload weight  w i t h  no i n c r e a s e  i n  launch v e h i c l e  weight  o r  change i n  A'V 
performance. It i s  t h e r e f o r e  shown that the f i r s t  MSS launch could b e  
t a r g e t e d  f o r  up t o  29,725 pounds r a t h e r  t han  25,000 pounds. 

A dry  weight  summary is  d isp layed  as Table  1-2. The space  s t a t i o n  
dry weight  i s  appor t ioned  t o  seven f u n c t i o n a l  subsystem groupings.  The 
two-digi t  codes are t h e  Level 6 major assembl ies .  
mounting and i n s t a l l a t i o n  p rov i s ions  as w e l l  as s t anda rd  u t i l i t i e s  such 
as w i r i n g ,  d u c t s ,  and tub ing .  

The dry weight  i n c l u d e s  

The number i d e n t i f i c a t i o n  i s  c o n s i s t e n t  w i t h  t h e  MSS program and 
p r o j e c t  level c o s t i n g .  

The o p e r a t i o n a l  weight  summary i s  inc luded  as Table  1-3. It i d e n t i -  
f i e s  the weight  i t e m s  t h a t  must b e  added t o  t h e  dry weight  t o  arrive a t  
the  launch weight .  The Experiment Equipment (9 .0)  and L o g i s t i c  I t e m s  
(10.0) are t h e  only weights  t h a t  can be  t r a n s f e r r e d ,  i f  necessa ry ,  t o  t h e  
cargo module launches.  

S h u t t l e  t a r i f f  weights  are s u b s t a n t i a l  and t h e i r  a d d i t i o n  leaves a 
weight  growth allowance less than  p r i o r  s i n g l e  launch s t a t i o n  growth 
margins.  
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CORE POWER * 01 02 

Table 1-3, Operational Weight Summary 
SM-1 SM-2 SM-3 SM-4 TOTAL 
03 04 05 06 

CATEGORY 

322 

199 
604 

6 

~ 

8. SERVICE FLUIDS & GASSES 
REPRESS 09 

322 
50 
98 

223 
6 

REPRESS N i  
LAUNCH ATMOSPHERE 
ELECTROLYSIS ACCUM. H20 
INTERNAL THERMAL LOOP H20 
EXTERNAL THERMAL LOOP FREON 
WATER MANAGEMENT LOOP H20 
EPS & RCS BUILDUP 0 2  
EPS & RCS BUILDUP H2 

TOTAL 

9. EXPERIMENT EQUIPMENT 
P-2 PLASMA PHY & ENVlR PORT 
P-4 PHYSICS & CHEMICAL FACILITY 
T - l  CONTAM INATION MEASUREMENT 

TOTAL 

42 
1004 

~~ 

10. LOGISTICS ITEMS 
POTABLE H20 

MED. & PHARM SUPPLIES 
96-HR EMERGENCY LjOH 

P-2, P-4, T - l  EXP CONSUM 
TOTAL 

34 76 
956 1131 699 699 1131 5620 

11.SHUTTLETARIFF 
2 CREW 
2 CREW PROVISIONS 
2 PLSS & 2 PGA 
PASSENGER PROVISIONS 
LEAKAGE MAKEUP Op/N2 
SHUTTLE EPS REACTANTS 
A TANK WEIGHT 
MSSISHUTTLE ADAPTER 

TOTAL 

0 
302 302 

0 414 112 510 1036 0 

285 

. 148 
191 

5 

400 
300 
354 
160 
210 
383 
425 

194 
38 1 

74 

400 
300 
354 
160 
210 
383 
425 

1264 2764 2344 2232 2232 

194 
38 1 

1647 
100 
742 

1845 
29 

333 I 273 I I I I I 606 

2260 

322 1 322 
50 ~. 

98 199 
223 I 604 

6 6 

l l  400 1 112 1 112 1 400 1 224 
110 110 

400 
300 
354 

63 
0 

50 
97 

400 
300 
354 
155 
165 
365 
425 

400 
300 
354 
190 
180 
495 
425 

400 
300 
354 
166 
210 
405 
425 

* WORK BREAKDOWN STRUCTURE CODE 

1.11 
SD 71-219 



Space Division 
North American Rockwell 

SUMMARY WEIGHT STATEMENTS 

The new MSC Summary Weight Statement  form was used t o  p r e s e n t  summary 
weight  s t a t emen t s .  The summary weight  s t a t emen t  f o r  t h e  I n i t i a l  S t a t i o n  
(6 men) is  shown i n  Table  1-4. 
are i n  t h e  MSC (NASA) codes.  The weight  i n fo rma t ion  w a s  coded from t h e  
d e t a i l  f u n c t i o n a l  s t a t emen t s .  

These s t a t emen t s  and a l l  subsequent  forms 

The cumulat ive bu i ldup  weight  of t h e  i n i t i a l  s t a t i o n  f o r  6 men i s  
shown i n  Table  1-5. The i n i t i a l  s t a t i o n  of 173,543 l b s  inc ludes  a complete 
i n i t i a l  s t a t i o n  f o r  crew of 6 wi th  l o g i s t i c s  and experiments  f o r  i n i t i a l  
manned o p e r a t i o n ,  two RAM'S and one cargo  module. The i n i t i a l  cargo module 
payload w i l l  p rovide  c r e w ,  i n i t i a l  s p a r e s ,  and s u p p l i e s .  Subsequent cargo 
module payloads provide  a d d i t i o n a l  experiments  and resupply  s p a r e s  and 
consumables. F igure  1-11 p r e s e n t s  t h e  e x t e r n a l  c o n f i g u r a t i o n  f o r  t h e  i n i t i a l  
s ta t  ion .  

The cargo  module w a s  f i l l e d  t o  20,000 l b  t a r g e t  weight  and t h e  r e s e a r c h  
and a p p l i c a t i o n  modules were ass igned  a 20,000 l b  t a r g e t  weight .  
exceed t h e  t a r g e t  weight  and none w i l l  have t o  b e  off- loaded o r  equipment 
r e a l l o c a t e d  t o  m e e t  t h e  s h u t t l e  payload requi rements  w i th  growth/margin 
allowance. Modules t h a t  are less than  t h e  t a r g e t  weight  may b e  i n c r e a s e d  
by adding a d d i t i o n a l  consumables o r  experiments  weight .  

N o  modules 
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Table  1-4. I n i t i a l  S t a t i o n  Launch Weight Summary 
SPA(:E 1)IVISION 

NORTH AMEK I (  A N  K( ) ( X W  E1.1, <:OKPORA'I'ION 

Cargo Mod. w i t h  I n i t i a l  Crew 20000 
Two I n i t i a l  S t a t i o n  RAM'S 40000 

I N I T I A L  STATION 173543 
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2.0 CORE MODULE MASS PROPERTIES 

The c o r e  module (F igu re  2-1) i s  40 f e e t  long between b e r t h i n g  i n t e r f a c e s  
and i s  1 2  f e e t  8 inches  o u t s i d e  diameter .  The 15-foot d iameter  envelope i n t e r -  
sects t h e  edges of t h e  s i d e  b e r t h i n g  p o r t s  c luster .  Lightweight  skin (0.040- 
i n c h  aluminum) and s t r i n g e r  c o n s t r u c t i o n  i s  u t i l i z e d .  The e i g h t  s ide -be r th ing  
p o r t s  are spaced 20 f e e t  a p a r t ,  which a l lows  a 5-fOOt clearance between the 
s t a t i o n  modules. The fou r  s i d e  p o r t s  are provided w i t h  thermal  covers .  
Thermal c o n t r o l  of t h e  ver t ica l  p o r t s  i s  provided du r ing  bui ldup  w i t h  s p e c i a l  
i n s u l a t i o n  p a n e l s .  

The i n s t a l l e d  subsystems are d i s t r i b u t e d  between t h e  V1 and V2 volumes 
sepa ra t ed  by t h e  EVA/IVA a i r l o c k ,  The a i r l o c k  provides  an e q u i v a l e n t  f l o o r  
of approximately 5 f e e t  by 7 f e e t ,  All of  t h e  ha t ches  open outward from t h e  
a i r l o c k .  The EVA h a t c h  (40-inch diameter  clear opening) i s  l o c a t e d  at a 
45-degree a n g l e  which provides  t h e  maximum c lea rance  between a t t a c h e d  modules. 
The G-C o p t i c a l  r e f e r e n c e  and CMG’s are l o c a t e d  ad jacen t  t o  t h e  RAM b e r t h i n g  
p o r t s ,  

RCS ENGINE PODS \ 

MAX DIMENSIONS 
LENGTH - 43 FT 
DJA - 15FT 

0 ALL SUBSYSTEMS ONURBIT REPLACEABLE 
MODULE SPACING FOR DIRECT DOCKING OR BERTHING (5 FT) 
FIRST MODULE LAUNCHED - MiNlMlZES COMPLEXITY OF POWER MODULE - REDUCES BUILDUP SCARS 

Figure  2-1. Core Module 
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C e r t a i n  bui ldup  equipment i s  accommodated such  as. the antennas, thermal  
c o n t r o l  r a d i a t o r s ,  RCS p r o p e l l a n t ,  and i n i t i a l  power,. A l l  subsystem com- 
ponents are i n s t a l l e d  w i t h  on-orb i t  s h i r t s l e e v e  maintenance accommodations 
inc lud ing  maintenance of t h e  RCS engine  assemblies .  The u t i l i t i e s  r o u t i n g  
throughout t h e  module from b e r t h i n g  p o r t  t o  b e r t h i n g  p o r t  and end t o  end of 
t h e  module are redundant  and s e p a r a t e d  f o r  damage containment and s a f e t y .  

MODULAR WEIGHT STATEMENTS 

The weights  p re sen ted  i n  t h i s  s e c t i o n  are based on t h e  p re l imina ry  
des ign  c o n f i g u r a t i o n  from t h e  c u r r e n t  s tudy  and are coded by t h e  MSC (NASA) 
coding. 

Table 2 . 1  p r e s e n t s  t h e  Core Module Group Weight Statement .  These weights  
are on t h e  new MSC Group Weight forms. F igu re  2 .1  p r e s e n t s  t h e  c o r e  module . 

c o n f i g u r a t i o n .  The co re  module m a s s  p r o p e r t i e s  are shown i n  Table 2.2, The 
c e n t e r  of g r a v i t y  s t a t i o n s  are i n  t h e  module coord ina te  system which is  shown 
i n  Sec t ion  8. Table 2.3 p r e s e n t s  t h e  weight  changes from t h e  last  r e p o r t  t o  
t h i s  r e p o r t .  The last  r e p o r t  w a s  "Modular Space S t a t i o n  Mass P r o p e r t i e s  
I n i t i a l  Summary," da t ed  J u l y  1971. Details of t h e  weight  changes are shown 
on d i s c u s s i o n  pages of Table 2 . 3 .  
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Table  2-1. Core Module Weight Statement 

GKOUP WEIGHT STATEMENT I PAGE 1 of 4 
CONFIGURATION Core Module Launch I BY Space S t a t i o n  Engr. I DATE Nov. 1971 

1. 

2 .  

3. 

4. 

5. 

6. 

7. 

WING GROUP - Not App l i cab le  

TAIL GROUP - Not App l i cab le  

BODY STRUCTURE (Common Piodules 1 
FWD CTR AFT 

Basic S t r u c t u r e  
S ide  Walls 

( 5742 ) 5742 
2050 

Bulkheads 3512 
Pa r t  i t i o n s  ( S t r u c t u r a l )  
F loo r s  ( S t r u c t u r a l )  
F i t t i n g s  180 

Secondary S t r u c t u r e  3399 
C r e w  Compartment ( P a r t i t i o n s  & Floor s )  

Equipment Comp'artment ( U t i l i t y )  
Doors/Hatches/Windows & Access Domes 2440 
Ai r lock  (Aux i l i a ry  Passage) 
Bracke t s ,  Doublers 400 

Cargo Compartment ( R a i l s  & Sto rage )  143 

INDUCED ENVIRONMENT PROTECTION (Common Modules ) 

Thermal P r o t e c t i o n  470 
R a d i a t i v e  Panels /Coat ings  
I n s u l a t i o n  ( Inc lud .  P o r t  & Window Covers) 470 
Coolant Sys t e m  

Noise P r o t e c t i o n  

Rad ia t ion  P r o t e c t i o n  i n c l u d  . ) Pieteoroid P r o t e c t i o n  ( I n t e g r a l  Rad./Meteor; Not sli9 

LAUNCH, RECOVERY & DOCKING (Common Modules 1 

Launch Support  
T i e  Down 
Hand l i n g  

Docking 
Ber th ing  (10) P o r t s  
U t i l i t y  I n t e r f a c e s  

PROPULSION ASCENT - Not App l i cab le  

PROPULSION-CRUISE - Not Appl icable  

2030 
400 

9141 

1119 

2430 
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CONFIGURATION Core Module Launch 

Table  2-1. Core Module Weight Statement  (Cont) 

BY Space S t a t i o n  Engr. DATE NOV. 197: 

I 8. PKOPULS ION-AUXILIARY 
T h r u s t e r  System (Common Modules )180 

A t t i t u d e  O r b i t  CMG Spin & 
C o n t r o l  Maint. Desat. Despin 
( 180 > (  > (  > (  

T h r u s t e r  120 
T h r u s t e r  I n s t a l l  
P r o p e l l a n t  Sys. 60 
Tankage 

R o l l  
P i t c h  

Cont ro l  Moment Gyro (Common Modules 1- 984 

774 
Yaw 
Magnetic Unloading System(Prepr0. & Elect) 49 
Support  S t r u c t u r e  1 6 1  

Actua tor ,  motor 
Mechanism 
Support  S t r u c t u r e  
Locks 

9 .  PRIME, POWER 

Manipulator  Sys t e m  (Common Modules 1- 0 

Batteries (Common Modules 70 
B a t t e r y  70 
Conta iner  & Supports  
E lec t r ica l  Coupling 
Voltage Cont ro ls  
Recharge Cont ro ls  
Thermal Cont ro l  

S o l a r  C e l l s  
Subs t ra t es 
Deployment Devices 
O r i e n t a t i o n  Cont ro ls  
Voltage C o n t r o l s  
Cooling System 
Panel  Structure/Mounts  ti Supports  

Fuel  Cells 808 
Supports/Installation/Tankage 1571 
E l e c t r o l  sis Units 

S o l a r  Array (Common Modules 1- 0 

F u e l  C e l l s / E l e c t r o l y s i s  U n i t s  2379 

10. ELECTRICAL CONJERSION & DISTRIBUTION (Common Modules - ) 
Supply Con- Cont ro l  

v e r s i o n  U n i t s  
Equipment - 264 240 504) 
D i s t r i b u t i o n  & Contro l  C i r c u i t r y  545 

186 U t i l i t y  Systems 
S u p p o r t s / I n s t a l l a t i o n  106 

-- 

11. HYDRAULIC CONVERSION & DISTRIBUTION - Not Appl icable  

12. SURFACE CONTROLS - Hot Appl icable  

1164 

2449 

1341 
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Table  2-1. Core Module Weight Statement  (Cont) 

GROUP WEIGHT STATEMENT IPAGE 3 of  4 

13 .  A V I O N I C S  (Common Modules 1 
U n i t s  C i r -  Cooling An- I n s t a l l  

c u i t r v  tennas  
( 849 H 11 i( > (  4 > (  84 1 

Guidance & Nav. 428 58 486 
F l i g h t  C o n t r o l  
Man i p u l a  t o r 

Cont ro l  
Data Mgmt. 160 3 8 1 7 1  
Communication 205 8 4 15  232 
I n s  t r m e n t a t i o n  
D i  s p 1 ay s 56 3 59 

14. ENVIRONMENTAL CONTROL (Common Modules 
Atmospheric Gas Supply 42 

Heat Transpor t  ( I n t e g r a l  Radiator /Meteoroid)  681 
Gas Management/Processing 754 

15. PERSONNEL PROVISIONS (Common Modules ) 
Accommodations 155 

Chai rs  , bunks ,  t a b l e s  
Recrea t ion  & E x e r c i s e  
Medical & Denta l  Equipment 

Supports  
Mobi l i ty  Aids & R e s t r a i n t s  120 

35 

Water Management 20 

,.I 

Fixed L i f e  Support  Equipment 20 

Waste Management 
P e r s o n a l  Hygiene 
Food Management 

Cargo Handling 
Furn ish ings  - General Purpose Lab 
Emergency & S a f e t y  Equipment 700 

16. RANGE SAFETY & ABORT (Common Modules 

17. BALLAST (Common Modules 1 

18. GROWTH/UNCERTAINTY 

19. OPEN 

SUBTOTAL (Dry Weight) 

9 48 

1477 

875 

: 20944 ; 
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Space Division 
North American Rockwdl 

Table  2-1. Core Module Weight Statement  (Cont) 

1 GROUP WEIGHT STATEMENT  PAGE 4 of 4 

I CONFIGURATION Core Module Launch I BY Space S t a t i o n  EngriDATE Nov. 1971 

20. PERSONNEL (Common Modules 1 
C r e w  
P e r s o n a l  Gear (Clothing,  Linens,  Etc . )  
L i f e  Support  

Food 
Water (Potoble  F i l l )  
P o r t a b l e '  Equipment (PLSS & PGA) 

Accessor ies  (Med. Suppl ies  & Drugs) 

Experiments 
Suppl ies  

21. CARGO (Common Modules 1 

22. ORDNANCE (Common Modules 

23. RESIDUAL FLUIDS & SERVICE ITEMS (Common Modules 1 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (Atmos., Accum. & Thermal F l u i d s )  624 

E lec t r i ca l  Power 
L i f e  Support  5 

24. OPEN 
SUBTOTAL INERT WEIGHT 

25. RESERVE FLUIDS & SERVICE ITEMS (Common Modules 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (Repress. 02 & N2) 
L i f e  Support  (LiOH C a n i s t e r s  - Emerg.) 
E lec t r i ca l  Power 

26. INFLIGHT LOSSES (Common Modules 
A u x i l i a r y  Propuls ion  
Environment a1 Con t r o  1 
L i f e  Support  ( U t e n s i l s )  

Avionics  ( P r i n t e r  Facs imi le  Pa e r )  
E lec t r i ca l  Power (Buildup HP 02 & N2) 375 

27. PROPELLANT-ASCENT - Not Applicabye 

28. PROPELLANT-CRUISE - Not Appl icable  

29. PROPELLANT-AUXILIARY (Common Modules 
A t t i t u d e  Cont ro l  
O r b i t  Maintenance 
CMG Desa tura t ion  
Spin & Despin 

TOTAL (GROSS WEIGHT) 

0 

0 

0 

629 

( 21573 ; 

0 

375 

-- 

( 21948 1 
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Space Division @A!!! North American Rockwell 
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Space Division 
North American Rockwell 

Table 2-3. Core Module Weight Change (Cont) 

2HANGE 
NOTE 

1 

2 

5 

6 

3ODY GROUP + 2151 

Remove inc reased  c o r e  s k i n  t h i c k n e s s  f o r  r a d i a t i o n  
p r o t e c t i o n  (-530). Add two p r e s s u r e  bulkheads f o r  
EVA/IVA a i r l o c k  p l u s  fou r  i n e r t i a  bulkheads (+1642). 
Remove f l o o r s  from Sec s t r u c t u r e  (-570). I n c r e a s e  
u t i l i t y  d i s t r i b u t i o n  weight  (+256). Add four b e r t h i n g  
h a t c h e s  (+600), two p r e s s u r e  bulkhead ha tches  (+278), 
one EVA h a t c h  (+99). 
f l i g h t  maintenance and revise mounting doors  (+376). 

Add domes t o  two RCS quads f o r  i n -  

INDUCED ENVIRONMENT PROTECTION - 1 2 1  

Remove one thermal  cover  and i n s u l a t i o n  r e v i s i o n s  
reduces  i n s u l a t i o n  weight  ( -54).  Addi t ion  of r a d i a t o r  
reduces  meteoroid p r o t e c t i o n  (-67). 

ANDING, RECOVERY & DOCKING + 810 

Add f o u r  b e r t h i n g  p o r t s  on s i d e s  p l u s  r e v i s i o n s  i n  o t h e r  
p o r t s  (+810). 

'ROPULSION - AUXILIARY - 1812 

Remove RCS p r o p e l l a n t  tankage from c o r e  (-870) and revise 
p r o p e l l a n t  system (-100). Reduce c o n t r o l  moment gyros  
from 4 t o  3 and reduce s i z e  (-842). 

'RIME POWER - 276 

I n c r e a s e  s i z e  s t a r t i n g  b a t t e r i e s  (+55). I n c r e a s e  f u e l  
cells t o  f o u r  i n  c o r e  and revise (+318). Remove e l e c t r o l y s i s  
u n i t s  from c o r e  (-520). Revis ions  i n  s t o r a g e  t a n k s  and 
plumbing system (-129). 

ELECTRICAL CONVERSION & DISTRIBUTION + 316 

T r a n s f e r r i n g  i t e m s  t o  s i n g l e  c o r e  i n c r e a s e s  t h i s  co re  
EPS c o n t r o l s  (+80) , f e e d e r s  (+21), c o n t a c t o r s  (+20), 
and wi r ing  & busses  (+50). I n c r e a s e s  i n  external l i g h t i n g  
(+36). I n c r e a s e  i n  power cond i t ion ing  equipment (+log) .  

2.10 
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Space Division 
North American Rockwell Table  2-30 Core Module Weight Change 

- 
MANGE 

NOTE 

7 

8 

9 

1 0  

11 

12  

WEIGHT/C.G. CHANGE ANALYSIS - CONT. 

DISCUSSION 

AVIONICS 

T r a n s f e r r i n g  t h e  c o n t r o l  c e n t e r  t o  s t a t i o n  modules 
revises fo l lowing:  

S ing le  co re  i n c r e a s e s  guid.  & nav.  ------------ 
Decreases Data Management i n  co re  ----------- 
Decreases  communications i n  c o r e  ------------ 
Decreases d i s p l a y s  i n  c o r e  .................... 

ENVIRONMENTAL CONTROL 

I n c r e a s e  c i r c u l a t i o n  d u c t s  and f a n s  ------------- 
I n c r e a s e  02/N2 l i n e  al lowance .................... 
Add bui ldup  r a d i a t o r  t o  co re  i n c r e a s e s  i n t e g r a l  

Add emergency water pump, f r e o n  pump & i n t e r c o o l e r  

r ad ia to r /me teo ro id  weight ........................ 

Reduce RAM weight ............................. 
M i s  c. plumbing r e v i s i o n s  -- ------------------- ---- 

?ERSONNEL PROVISIONS 
Add f i r e  d e t e c t o r s  ............................... 
Add IVA suppor t  - -------- --------------- -------- 
Trans fe r  t o o l  set t o  s i n g l e  c o r e  ---------------- 
Trans fe r  r a d i a t i o n  d e t e c t i o n  .................... 
Add I V A  u m b i l i c a l s  --------------------___I_____ 

I n c r e a s e  mounts & suppor t s  ...................... 
RESIDUAL FLUIDS 

Reduction i n  thermal  f l u i d  al lowance.  

INFLIGHT LOSSES 

EPS r e a c t a n t s  reduced t o  1st 30  days .  

PROPELLANT - MANEUVER/ACS 

Remove RCS p r o p e l l a n t .  

+ 52 

-674 

-703 

-411 

+12 8 

+ 57 

+176 

+ 97 

- 25 

- 22 

+ 1 2  

+ 95 

+150 

+ 1 0  

+4 00 

+ 34 

- 1736 

+ 411 

+ 701 

- 580 

- 56 

- 410 

~ 
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Space Division @A!! North American Rockwell 

3. POWER MODULE MASS PROPERTIES 

The power module (F igure  3-1) c o n s i s t s  of two assembl ies ,  a power boom 
and a s o l a r  a r r a y .  
o r i e n t a t i o n  d r i v e  and power t r a n s f e r  mechanism. S h i r t s l e e v e  maintenance of 
t h e  mechanisms is provided.  
u t i l i z e s  t h e  s t a n d a r d  b e r t h i n g  p o r t .  

The s o l a r  a r r a y  assembly c o n s i s t s  of t h e  a r r a y s  and 

The s o l a r  a r r a y  assembly i s  r e p l a c e a b l e  and 

The power boom is  88 inches  o u t s i d e  d iameter  by 27 f e e t  6 inches  long. 
The 88-inch d iameter  boom a l lows  t h e  s o l a r  a r r a y  pane l s  t o  s tow w i t h i n  t h e  
15-foot d iameter  s h u t t l e  payload envelope.  The boom is of monocoque con- 
s t r u c t i o n  u t i l i z i n g  0.145-inch t h i c k  aluminum which i n c r e a s e s  i t s  stiffness 
and consequent ly  i n c r e a s e s  t h e  n a t u r a l  f requency o f  the t o t a l  space  s t a t i o n  
assembly. 
i n  t h e  boom. 
t h e  module is  normally ope ra t ed  unpres su r i zed .  

High p r e s s u r e  gas s t o r a g e  b o t t l e s  f o r  r e p r e s s u r i z a t i o n  are p laced  
S h i r t s l e e v e  maintenance and replacement  i s  provided even though 

rn%3cTANKS 
OVERALL LENGTH - 33 FT -. 10 IN. / 

/ 
/ 

OR1 ENTATIO N 
DRIVE 8, 

0 REPLACEABLE ARRAY 
0 ON ORBIT MAINTAINABLE "ODAPT" 
0 NORMALLY UNPRESSURlZED 
0 ON-ORBIT REPLACEABLE TANKS B EQUIPMENT 

Figure  3-1. Power Module 

3 . 2  
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Space Division @A!! North American Rockwell 

MODULAR m I G H T  STATEMENTS 

The weights  p re sen ted  i n  t h i s  s e c t i o n  are based on t h e  p re l imina ry  
des ign  c o n f i g u r a t i o n  from t h e  c u r r e n t  s tudy  and are coded by t h e  MSC (NASA) 
codings . 

Table 3 . 1  p r e s e n t s  t h e  Power Module Group Weight Statement.  These 
weights  are on t h e  new MSC Group Weight forms. 
p r o p e r t i e s  are shown i n  Table  3 . 2 ,  w i t h  the c e n t e r  of g r a v i t y  s t a t i o n s  i n  
t h e  module coord ina te  system. Table 3 . 3  p r e s e n t s  the weight changes from 
t h e  l a s t  r e p o r t  t o  t h i s  r e p o r t ,  w i t h  d e t a i l s  of  t h e s e  changes shown on 
d i s c u s s i o n  pages.  

The power module m a s s  

3 . 3  
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Space Division 
North American Rockwell 

Tab le  3-1. Power Module Weight Statement  

GROUP WEIGHT STATEMENT ]PAGE 1 of 4 
CONFIGURATION Power Module Launch I BY Space S t a t i o n  Engr. I DATE Nov. 1971 

1. 

2 .  

3. 

4 .  

5 .  

6. 

7. 

W I N G  GROUP - Not App l i cab le  

TAIL GROUP - Not App l i cab le  

BODY STRUCTURE (Common Nodules 1 
FWD CTR AFT 

Basic S t r u c t u r e  ( > (  1878 ) (  1878 
S i  de Walls 1287 
Bulkheads 351 
P a r t i t i o n s  ( S t r u c t u r a l )  
F l o o r s  ( S t r u c t u r a l )  
F i t t i n g s  240 

Secondary S t r u c t u r e  
C r e w  Compartment ( P a r t i t i o n s  & F l o o r s )  
Cargo Compartment ( R a i l s  & Sto rage )  
Equipment Comp'ar tment ( U t i l i t y  ) 
Doors/Hatches/Windows & Access Domes 
Ai r lock  (Aux i l i a ry  Passage)  
Bracke t s ,  Doublers 

INDUCED ENVIRONMENT PROTECTION (Common Modul 

Thermal P r o t e c t i o n  
R a d i a t i v e  Panels /Coat ings  
I n s u l a t i o n  
Coolant Sys t e m  

Noise P r o t e c t i o n  

410 

60 
31 

212 

107 

158 

158 

Meteoroid P r o t e c t i o n  (Integ'.  Rad./Meteor. Not i n c l . )  
Rad ia t ion  P r o t e c t i o n  

424 

LAUNCH, RECOVERY & DOCKING (Common Modules ) 

Launch Support  
T i e  Down 
Handling 

Docking 
Ber th ing  (4 P o r t s )  760 
U t i l i t y  Interfaces 40 

PROPULSION ASCENT - Not Appl icable  

PROPULSION-CRUISE - Not App l i cab le  

2288 

582 

800 

~ ~~~ 

3 . 4  
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Space Division @A!!! North American Rockwell 

Table3-1 .  Power Module Weight Statement  (Cont) 

GROUP WEIGHT STATEMENT  PAGE 2 of 4 

CONFIGURATION Power Module Launch IBY Space S t a t i o n  Engr. IDATE Nov. 1971 
8. PKUPULSION-AUXILIAKY 

T h r u s t e r  System (Common Modules ) -  
A t t i t u d e  O r b i t  CMG Spin & 
Cont ro l  Maint. Desat. Despin 
( > (  1 

T h r u s t e r  
Thrus t e r  I n s t a l l  
P r o p e l l a n t  Sys. 
Tankage 

Ro l l  
P i t c h  
Yaw 

Con t ro l  Moment Gyro (Common Modules 1- 

Magnetic Unloading System (PrePro. & Elect.) 
Support  S t r u c t u r e  

Ac tua to r ,  motor 
Pie chan i s m  
Support  S t r u c t u r e  
Locks 

Manipulator  Sys tern (Common Modules ) -  

9 .  PRIME POWER 
Batteries (Common Modules 1 0 

Ba t t e ry  
Conta iner  & Supports  
E l e  c t r i c a 1 Coup 1 i n g  
Voltage Con t ro l s  
Recharge Con t ro l s  
Thermal Con t ro l  

S o l a r  Cells 
Subs t r a t es 
Deployment Devices 
O r i e n t a t i o n  Con t ro l s  2100 
Voltage Con t ro l s  
Cooling System 
Panel  Structure/Mounts  & Suppor ts  256 

Fuel  Cells 

S o l a r  Array (Common Modules 6676 

F u e l  C e l l s / E l e c t r o l y s i s  Units 9 85 

Supports  / I n s  t a l l a t  ion/Tankage 985 
10. ELECTRICAL CONVERSION & DISTRIBUTION (Common Modules ) - 

Supply Con- Con t ro l  
v e r s i o n  Un i t s  

Equipment L-23 
D i s t r i b u t i o n  & Cont ro l  C i r c u i t r y  105 
U t i l i t y  Systems 24 
S u p p o r t s / I n s t a l l a t i o n  110. 

11. HYDRAULIC CONVERSION & DISTRIBUTION - Not App l i cab le  

12. SURFACE CONTROLS - Not Appl icable  

0 

7661 

139 

3.5 
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Space Division @A!!! North American Rockwell 

Table 3-1. Power Module Weight Statement (Cont) 

GROUP WEIGHT STATEElENT  PAGE 3 of 4 1 I i I CONFIGURATION Power Module Launch [BY Space Station Engr.1 DATE E 

13. AVIONICS (Common Modules 1 
Units Cir- Cooling An- Install 

cuitry tennas 
( 107 3 > (  > (  6 

Guidance & Nav. 
Flight Control 
Man i p ula to r 
Control 

Data Mgmt. 85 2 4 91 
C ommun i ca t ion 19 1 1 21 

D i s p 1 ay s 3 1 4 
Instrumentation 

14. ENVIRONMENTAL CONTROL (Common Modules 1 
Atmospheric Gas Supply 765 
Gas Management/Processing 84 
Heat Transport (Integral Radiator/Meteoroid) 

15. PERSONNEL PROVISIONS (Common Modules 1 
Accommodations 125 
Chairs, bunks, tables 
Recreation & Exercise 
Medical & Dental Equipment 
Mobility Aids & Restraints 120 
Supports 5 5 

Fixed Life Support Equipment 
Water Management 
Waste Management 
Personal Hygiene 
Food Management 

Cargo Handling 
Furnishings - General Purpose Lab 
Emergency & Safety Equipment 

16. RANGE SAFETY & ABORT (Common Modules ) 

17. BALLAST (Common Modules 1 

18. GROWTH/UNCERTAINTY 

19. OPEN 

SUBTOTAL (Dry Weight) 

V. 1971 

116 

849 

125 

0 

0 

12560 
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Space Division @A!!! North American Rockw4 

Table 3-1. Power Module Weight Statement  (Cont) 

GROUP WEIGHT STATEMENT /PAGE 4 of  4 

CONFIGURATION Power Module Launch I BY Space S t a t i o n  Enarj  DATE Nov. 1971 

20. PERSONNEL (Common Modules 1 
C r e w  
P e r s o n a l  Gear (Clothing,  Linens,  E tc . )  
L i f e  Support  

Food 
Water (Potoble  F i l l )  
P o r t a b l e  Equipment (PLSS & PGS) 

Accessor ies  (Med. Suppl ied & Drugs) 

Experiments 
Suppl ies  

21. CARGO (Common Modules 1 

2 2 .  ORDNANCE (Common Modules ) 

23. RESIDUAL FLUIDS & SERVICE ITEMS (Common Modules ) 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (Atmos., Accum. & Therm. F lu ids)  74 
L i f e  Support  
Electr ical  Power 

24. OPEN 
SUBTOTAL INERT WEIGHT 

25. RESERVE FLUIDS & SERVICE ITEMS (Common Modules ) 
A u x i l i a r y  Propuls ion  

L i f e  Support  (LiOH C a n i s t e r s  - Emerg.) 
E lec t r ica l  Power 

Environmental  Cont ro l  (Repress.  02 & N2) 575 

26. INFLIGHT LOSSES (Common Modules ) 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  
L i f e  Support  
E lec t r ica l  Power (Buildup Hp 02 & H2) 
Avionics  ( P r i n t e r  Facs imi le  Pa er) 

307 

27. PROPELLANT-ASCENT - Not ApplicabTe 

28. PROPELLANT-CRUISE - Not Appl icable  

29. PROPELLANT-AUXILIARY (Common Modules 1 
A t t i t u d e  C o n t r o l  
Orb i t  Maintenance 
CMG Desa tura t ion  
Spin & Despin 

TOTAL (GROSS WEIGHT) 

0 

n 

74 

( 12634 ) 

575 

307 

0 

( 13516 ) 
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Space Division 
North American Rockwell Table  3-3. Power Module Weight Change (Cont) @!!!I!! 

:HANGE 
NOTE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

WEIGHT/C.G. CHANGE ANALYSIS - CONT. 

DISCUSSION 

&ODY GROUP 

I n c r e a s e  s i d e w a l l  t h i c k n e s s  t o  i n c r e a s e  s t i f f n e s s  (+547). 
Remove one b e r t h i n g  h a t c h  (-150). Add s h u t t l e  t runn ion  
f i t t i n g  and two manipula tor  s o c k e t s  (+105) and misce l laneous  
changes (+6). 

INDUCED ENVIRONMENT PROTECTION 

S h o r t e r  boom reduces  i n s u l a t i o n  weight (-17) and removal 
of boom r a d i a t o r  i n c r e a s e s  meteoroid p r o t e c t i o n  (+329). 

LANDING, RECOVERY & DOCKING 

Add b e r t h i n g  p o r t  on t u r r e t  end (+&55) p l u s  r e v i s i o n s  i n  
o t h e r  p o r t s  (+15). 

PRIME POWER 

Reduce s o l a r  a r r a y  area reduces  t h e  s o l a r  weight  (-618) 
and reduces  t h e  t u r r e t  weight (-300). T r a n s f e r r i n g  t h e  
H2 and 02 s t o r a g e  t anks  f o r  the EPS gas  i n c r e a s e s  weight 
(+985). Misce l laneous  mounts (-36). 

ELECTRICAL CONVERSION & DISTRIBUTION 

R e a l l o c a t i o n  of w i r i n g  reduces  power module wi r ing  
al lowance.  

AVIONICS 

Reduce number RACU's (-45), remove remote p rocesso r  (-109). 

ENVIRONMENTAL CONTROL 

R e a l l o c a t e  s t o r a g e  t a n k s  l e a v i n g  only  ECS Repress .  t anks  
(-3265). Remove h e a t  exchanger and revise d u c t s  (-53). 
Remove r a d i a t o r  and thermal  c o n t r o l  system on boom (-943). 

PERSONNEL PROVISIONS 

Remove f i r e  e x t i n g u i s h e r  and emergency equipment. 

RESIDUAL FLUIDS 

Remove thermal  loop  f l u i d s  as r a d i a t o r  w a s  removed from 
boom. 

RESERVE FLUIDS 

Rea l loca ted  Repress .  02 & N2 t o  reserve. 

INFLIGHT LOSSES 

Real loca ted  i n t e g r a t e d  gas  supply l e a v i n g  only  bui ldup 
h i g h  p r e s s u r e  02 & H2. 

5 08 

312 

170 

31 

1 0 1  

15 4 

- .261 

- 45 

- 175 

+ 575 

- 1944 
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Space Division 
North American Rockwell 

4.0 SM-1 MODULE MASS PROPERTIES 

All of  t h e  s t a t i o n  modules are 38 f e e t  8 inches  long  between b e r t h i n g  
i n t e r f a c e s  and provide  a 13-foot 8-inch clear i n s i d e  d iameter .  The external 
frames and a t t a c h  p o i n t s  extend t o  15 f e e t .  An a c t i v e  b e r t h i n g  p o r t  is pro- 
v ided  a t  t h e  co re  module i n t e r f a c e  and a p a s s i v e  p o r t  a t  t h e  o t h e r  end. The 
i n t e r f a c e  p r o v i s i o n s  a c r o s s  t h e  b e r t h i n g  p o r t s  are i d e n t i c a l .  Each module 
c o n t a i n s  f o u r  manipulator  s o c k e t s  fo r  s h u t t l e  deployment and f o u r  s h u t t l e  
bay a t t a c h  f i t t i n g s ,  
of t h e  modules. 

Rad ia to r s  cover t h e  e x t e r i o r  of t h e  c y l i n d r i c a l  p o r t i o n  

The l o n g i t u d i n a l  f l o o r  provides  a s i n g l e  s t r u c t u r a l  component f o r  
mounting of equipment both  above and below decks ,  g rea - t ly  s i m p l i f y i n g  the 
manufactur ing i n s t a l l a t i o n  and des ign  d e t a i l s .  The l o n g i t u d i n a l  o r i e n t a -  
t i o n  a l s o  s i m p l i f i e s  o t h e r  ground o p e r a t i o n s  of module assembly, checkout ,  
and s h u t t l e  i n s t a l l a t i o n .  

ABOVE 
D€C K 

Figure  4-1. Crew/Control Module SM-1 

B L I O  w 
DECK 
-- 
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The c rew/con t ro l  module (Figure 4-1) SM-1 has  common f u n c t i o n a l  a l l o c a -  
t i o n s  and equipment l o c a t i o n s  w i t h  SM-4. 
func t ion  i n  each of t h e  two p r e s s u r e - i s o l a t a b l e  volumes of t h e  s t a t i o n .  
Where backup f u n c t i o n s  are provided,  they are loca ted  i n  similar areas i n  t h e  
module of t h e  o p p o s i t e  volume. 

Each module p e r f o m s  a similar 

Both SM-1 and SM-4 con ta in  a commander/executive type  s ta te room and two 
crew s ta te rooms i n  a s p l i t - l e v e l  arrangement.  Control  c e n t e r s  are l o c a t e d  on 
t h e  upper deck of each module o u t s i d e  t h e  s ta teroom. The pe r sona l  hygiene 
f a c i l i t i e s  are i n  similar l o c a t i o n s ;  however, only SM-1 con ta ins  a shower. 
The waste management equipment is  l o c a t e d  below deck n e a r  t h e  personnel  
hygiene f a c i l i t y  t o  s i m p l i f y  sewage t r a n s p o r t  and p rocess ing .  

The area above deck i n  SM-1 con ta ins  t h e  experiment d a t a  a n a l y s i s  equip- 
ment, i nc lud ing  a d a t a  a n a l y s i s  c o n t r o l  console ,  a photo-processing l a b ,  and 
an i s o t o n i c  e x e r c i s e  area. The exercise areas are a l s o  equipped t o  s e r v e  as 
a backup medical  f a c i l i t y .  

MODULAR WEIGHT STATEMENTS 

The weights  p re sen ted  i n  t h i s  s e c t i o n  are based on t h e  p re l imina ry  des ign  
conf igu ra t ion  from t h e  c u r r e n t  s tudy  and are coded by t h e  MSC (NASA) coding.  

Table  4 . 1  p r e s e n t s  t h e  SM-1 S t a t i o n  Module Group Weight Statement .  
weights  are on t h e  new MSC Group Weight forms. The SM-1 S t a t i o n  Module Mass 
P r o p e r t i e s  are shown i n  Table 4.2 w i t h  the c e n t e r  of g r a v i t y  s t a t i o n s  i n  t h e  
module c o o r d i n a t e  system. Table 4.3 p r e s e n t s  t h e  weight  changes from the last  
r e p o r t  t o  t h i s  r e p o r t  wi th  d e t a i l s  of t h e s e  changes shown on d i s c u s s i o n  pages.  

T h e s e  
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Table  4-1. SM-1 S t a t i o n  Module Weight Statement  

GKOUP WEIGHT STATEMENT I PAGE 1 of 4 
CONFIGURATION SM-1 Launch I BY Space S t a t i o n  Engr. I DATE Nov. 1971 

1. 

2.  

3. 

4. 

5. 

6. 

7. 

WING GROUP - Not Appl icable  

TAIL GKOUP - Not Appl icable  

BODY STRUCTURE (Common Nodules 1 
FWD CTR AFT 

Basic S t r u c t u r e  
S ide  Walls 

( ) (  4700 ) (  4700 
3780 

Bu 1 kh e a d s 
P a r t i t i o n s  
F loo r s  ( S t r u c t u r a l )  
F i t  t i ng  s 180 

740 

Secondary S t r u c t u r e  3218 
C r e w  Compartment ( P a r t i t i o n s  & Floor s )  1895 
Cargo Compartment ( R a i l s  & Storage)  138 
Equipment Compartment ( U t i l i t y )  275 
Doors/Hatches/Windows & Access Domes 408 
Ai r lock  (Auxi l ia ry  Passage)  135 
Bracke t s ,  Doublers 367 

INDUCED ENVIRONMENT PROTECTION (Common Plodules 1 

Thermal P r o t e c t  i o n  359 
R a d i a t i v e  Panels /Coat ings  

Coolant System 
I n s u l a t i o n  ( Inc lud ing  Window Covers) 359 

Noise P r o t e c t i o n  
Pleteoroid P r o t e c t i o n  ( In t eg .  Rad. /Meteor. Not I n c l . )  387 
Rad ia t ion  P r o t e c t i o n  

LAUNCH, RECOVERY & DOCKING (Common Modules ) 

Launch Support  
T i e  Down 
Handling 

Docking 
Ber th ing  (2 P o r t s )  410 
U t i l i t y  Interfaces 80 

PROPULSION ASCENT - Not App l i cab le  

PROPULSION-CRUISE - Not App l i cab le  

7918 

746 

490 
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CONFIGURATION SM-1 Launch IBY SDace S t a t i o n  Ener. 

Table  4-1. SM-1 S t a t i o n  Module Weight Statement  (Cont) 

(DATE Nov. 1971 CONFIGURATION SM-1 Launch IBY Space S t a t i o n  Engr. DATE Nov. 1971 

8. PKOPULSION-AUXILIARY 
T h r u s t e r  System (Common Modules 

A t t i t u d e  O r b i t  CMG Spin & 
Contro l  Maint.  Desat. Despin 
( > (  > (  > (  ) 

T h r u s t e r  
T h r u s t e r  In s  t a l l  
P r o p e l l a n t  Sys. 
Tankage 

R o l l  
P i t c h  
Yaw 
Magnetic Unloading System 
Support  S t r u c t u r e  

Ac tua to r ,  motor 
Mechanism 

Locks 

9 .  PRIME POWER 

Con t ro l  Moment Gyro (Common Modules 1 

Planipulator  System (Common Modules 

I Support  S t r u c t u r e  

Batteries (Common Modules 1 0  
Bat t e ry  
Conta iner  & Supports  
E l e c t r i c a l  Coupling 
Voltage Con t ro l s  
Recharge Con t ro l s  
The mal Con t ro  1 

S o l a r  Cells 
S u b s t r a t e s  
Deployment Devices 
O r i e n t a t i o n  Contro 1s 
Voltage Con t ro l s  
Cooling System 
Pane l  Structure/Mounts  & Supports  

Fue l  Cells 

S o l a r  Array (Common Modules 1 0  

Fuel  C e l l s / E l e c t r o l y s i s  Units  766 

Supports/Installation/Tankage 122 
E l e c t r o l y s i s  Units 644 

10. ELECTRICAL CONVERSION & DISTRIBUTION (Common M o r )  - 
Supply Con- Con t ro l  

v e r s i o n  Un i t s  
~ LEI Eq uipmen t 14 

D i s t r i b u t i o n  & Cont ro l  C i r c u i t r y  756 
U t i l i t y  Systems 14 6 
S u p p o r t s / I n s t a l l a t i o n  80 

11. HYDRAULIC CONVERSION & DISTRIBUTION - Not App l i cab le  

12. SURFACE CONTROLS - Not App l i cab le  

4.5 
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GROUP WEIGHT STATEMENT 

Table  4-1. SM-1 S t a t i o n  Module Weight Statement  (Cont) 

PAGE 3 of  4 

CONFIGUKrITION SM-1 Launch BY Space S t a t i o n  Engr. 

13. A V I O N I C S  (Common Modules 1 
U n i t s  C i r -  Cooling An- I n s t a l l  

t ennas  c u i t r y  
( 1901 > (  36 ) (  234 569 

Guidance & Nav. 
F l i g h t  Cont ro l  
Plan i p  u l a  t o r 

DATE Nov. 1971 

-_ - Contro l  
Data Flrrmt. 727 v . _. 13 32 772 

23 234 514 1490 * Communication 719 
I n s  t r Umen t a t i o n  
D i  s p 1 ay s 455 23 478 

14. ENVIRONMENTAL CONTROL (Common Modules 1 
Atmospheric Gas Supply 0 
Gas Management /P roces  s i n g  591 
Heat Transpor t  ( I n t e g r a l  Radiator lMeteoroid)  1969 

15. PERSONNEL PROVISIONS (Common Modules 1 
Accommodations 485 

C h a i r s ,  bunks,  t a b l e s  206 
R e c r e a t i o n  & E x e r c i s e  0 
Medical & Denta l  Equipment 125 
Pfobi l i ty  Aids & R e s t r a i n t s  120 
Supports  34 

Waste Management 86 

Food Management 2 

Fixed L i f e  Support  Equipment 1094 
Water Management 638 

P e r s o n a l  Hygiene 3 70 

Cargo Handling 0 
Furn ish ings  - General Purpose Lab 1006 
Emergency & S a f e t y  Equipment 54 

16. RANGE SAFETY & ABORT (Common Modules 1 

17 .  BALLAST (Common Modules 1 

18. GROWTH/UNCERTAINTY 

19. OPEN 

SUBTOTAL (Dry Weight) 

* I n c l u d e s  s t e e r a b l e  antenna package of 710 pounds 

2740 

2560 

2639 

38855 
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Table 4-1. SM-1 S t a t i o n  Module Weight Statement (Cont) 

GROUP WEIGHT STATEMENT IPAGE 4 of 4 

CONFIGURATION SM-1 Launch 1 BY Space S t a t i o n  Engr. I DATE N ~ ~ .  1971 

* 20. PERSONNEL (Common Modules 1 
C r e w  

L i f e  Support  
P e r s o n a l  Gear (Clothing,  Linens ,  Etc . )  * 

Food 
Water (Potoble  F i l l )  
P o r t a b l e  Equipment (PLSS & PGA) 

Accessor ies  

* 
* 

* 
21.  CARGO (Common Modules ) 

Experiments 
S upp 1 ies 

2 2 .  ORDNANCE (Common Modules 1 
23. RESIDUAL FLUIDS IS SERVICE ITEMS (Common Modules 1 

A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (Atmos., Accum. & Therm. F l u i d s )  1125 
L i f e  Support  6 
E lec t r ica l  Power 

24. OPEN 
SUBTOTAL INERT WEIGHT 

25.  RESERVE FLUIDS & SERVICE ITEMS (Common Modules 1 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (Repress. 02 & N2) 
L i f e  Support ( L i O H  C a n i s t e r s  - Emerg.) 
Electrical  Power 

26. INFLIGHT LOSSES (Common Modules ) 
Auxi l ia ry  Propuls ion  
Environmental Cont ro l  
L i f e  Support  ( U t e n s i l s )  
E lec t r ica l  Power (Buildup HP 02 & H2) 
Avionics ( P r i n t e r  Facs imi le  Paper) * 

27. PROPELLANT-ASCENT - Not Applicable  

28. PROPELLANT-CRUISE - Not Appl icable  

29. PROPELLANT-AUXILIARY (Common Modules 1 
A t t i t u d e  Cont ro l  
O r b i t  Maintenance 
CMG Desa tura t ion  
Spin & Despin 

TOTAL (GROSS WEIGHT) 

* I t e m s  d e l i v e r e d  via  Cargo Module 

0 

0 

0 

1131 

( 19986 ) 

0 

0 

0 

( 1 9 9 8 6  ) 
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Table  4-3. SM-1 S t a t i o n  Module Weight Change ( 

WEIGHT/C.G. CHANGE ANALYSIS - CONT. 

CHANGE 
NOTE 

1 

2 

3 

4 

5 

6 

T. 

7 

DISCUSSION 

BODY GROUP 

Revised i n t e r n a l  arrangement wi th  i n c r e a s e  i n  p a r t i t i o n s  
& f l o o r s  (+145), a u x i l i a r y  passage  t u n n e l  t r a n s f e r r e d  t o  
SM-2 (-130) and o t h e r  r e v i s i o n s  & changes (+3) .  

INDUCED ENVIRONMENTAL PROTECTION 

Remove and r e v i s e  thermal covers  (-31). Inc reased  
r a d i a t o r  area reduces meteoroid p r o t e c t i o n  (-283). 

LANDING, RECOVERY & DOCKING 

C a l c u l a t i o n s  of l a y o u t s  i nc reased  b e r t h i n g  al lowance (+30) . 
PRIME POWER 

E l e c t r o l y s i s  u n i t s  t r a n s f e r r e d  t o  SM-1 from t h e  c o r e  (+766). 

ELECTRICAL CONVERSION & DISTRIBUTION 

R e a l l o c a t i o n  of w i r ing  weight t o  SM-1 wi th  t h e  t r a n s f e r  
of f u n c t i o n s  t o  SM-1 (+340). Revis ions  i n  e l e c t r i c a l  
equipment (+26). 

AVIONICS 

Cont ro l  c e n t e r  t r a n s f e r r e d  t o  SM-1 from t h e  core.  

I n c r e a s e  Pata Management i n  SM-1 ------------- 
I n c r e a s e  communications i n  SM-1 ------------- 
I n c r e a s e  d i s p l a y s  i n  SM-1 ..................... 

ENVIRONMENTAL CONTROL 

I n c r e a s e  c i r c u l a t i o n  d u c t s  weight and r e v i s i o n s  
i n  gas  management/processing ------------------- 
I n c r e a s e  r a d i a t o r  a r e a  i n c r e a s e s  i n t e g r a l  r a d i a t o r /  

T r a n s f e r  pump pakcages, i n t e r c o o l e r s  and r e s e r v o i r  

I n c r e a s e  c o l d p l a t e s ,  t ub ing  and v a l v e s  ------------ 

meteoroid weight ------------_-I------------------- 

t o  SM-1 from SM-2 _-__--_--I--__----------------- 

+ 721 

+ 515 

+ 474 

+ 108 

+ 390 

+ 245 

+ 396 

+ 18  

- 314 

+ 30 

+ 766 

+ 366 

+ 1710 

+ 1139 
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Table 4-3. SM-1 S t a t i o n  Module Weight Change ( 

- 
CHANGE 

NOTE 

8 

9 

10  

11 

WEIGHT/C.G. CHANGE ANALYSIS - CONT. 
~~~ 

DISCUSSION I p3AG:f 3 

PERSONNEL PROVISIONS 

Revised i n t e r n a l  arrangement r e s u l t s  i n  fo l lowing  changes: 

Water rec lamat ion  t r a n s f e r r e d  t o  SM-1 from SM-2 (+757) 
and weight r e v i s i o n s  (-137) i n c r e a s e s  water 

Trans fe r  shower t o  SM-1 from SM-2 i n c r e a s e s  p e r s o n a l  

+ 620 

+ 342 

management ......................................... 

hygiene  I------_----------_------------------------ 

Trans fe r  food management ou t  SM-1 t o  SM-3 ---------- - 680 

R e a l l o c a t i o n  of gene ra l  purpose l a b  f u r n i s h i n g s  ---- +lo06 

R e a l l o c a t i o n  of emergency equipment -----------I--- - 375 
Miscel laneous changes ............................. - 23 

PERSONNEL 

C r e w ' s  c l o t h i n g ,  l i n e n ,  food, e t c . ,  w i l l  b e  d e l i v e r e d  
v i a  cargo module on crew d e l i v e r y  f l i g h t s .  

RESIDUAL JXUIDS 

I n c r e a s e  i n  thermal f l u i d s  in t he  thermal  c o n t r o l  coo lan t  
loops .  

INFLIGHT LOSSES 

Gal ley  t r a n s f e r r e d  out  of SM-1 removes l i f e  support  
( u t e n s i l s ) .  

+ 890 

-1656 

+ 495 

- 128 
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5. SM-2 MODULE MASS PROPERTIES 

The two lab/ECS modules,  SM-2 and SM-3, are i n  d i f f e r e n t  i s o l a t a b l e  
volumes of t h e  s t a t i o n .  Where backup f u n c t i o n s  are provided ,  t h e y  are 
l o c a t e d  i n  similar areas i n  t h e  module of t h e  o p p o s i t e  volume. The lower 
deck area of  s t a t i o n  modules SM-2 and -3 c o n t a i n  environmental  c o n t r o l  sub- 
system assembl ies  f o r  a i r  r e v i t a l i z a t i o n  (C02 management and atmosphere 
c o n t r o l ) .  
t enance  and service. The remaining lower deck area i s  f o r  s t o r a g e  of 
s t a t i o n  and experiment s u p p l i e s .  The above deck area i n  SM-2 c o n t a i n s  p r i -  
m a r i l y  g e n e r a l  purpose l a b o r a t o r y  i n s t a l l a t i o n s ;  however, a s m a l l  backup 
g a l l e y  i s  i n s t a l l e d  a t  t h e  inboard  end of  t h e  module. GPL equipment and 
areas f o r  mechanical ,  e lectr ical ,  and o p t i c a l  maintenance are provided.  
F igure  5-1 p r e s e n t s  Lab/ECS Module SM-2. 
a t t a c h e d  t o  t h e s e  l a b  modules, The one on SM-2 p o i n t s  t o  n a d i r  on SM-3 t o  
z e n i t h .  An experiment o p e r a t i o n s  area and a i r l o c k  load ing  access  space  i s  
provided i n  each module a t  t h e  a i r l o c k  end. 

Comon i n s t a l l a t i o n  arrangements  provide  easy  access  f o r  main- 

A g e n e r a l  purpose a i r l o c k  is  

- . .. . . . 

Figure  5-1. Lab/ECS Module SM-2 
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MODULAR WEIGHT STATEMENTS 

The we igh t s  p re sen ted  i n  t h i s  s e c t i o n  are based on t h e  p re l imina ry  des ign  
c o n f i g u r a t i o n  from t h e  c u r r e n t  s tudy  and are coded by t h e  MSC (NASA) coding. 

Table 5-1 p r e s e n t s  t h e  SM-2 Module Group Weight Statement. These weights  
are on t h e  new MSC Group Weight forms. F igu re  5-1 p r e s e n t s  t h e  SM-2 module 
c o n f i g u r a t i o n .  The SM-2 module mass p r o p e r t i e s  are shown i n  Table  5-2. The 
c e n t e r  of g r a v i t y  s t a t i o n s  are i n  t h e  module c o o r d i n a t e  system which is  shown 
i n  Sec t ion  8. Table  5-3 p r e s e n t s  t h e  weight  changes from the l a s k - r e p o r t  to 
t h i s  r e p o r t .  
I n i t i a l  Summary," da t ed  J u l y  1971. Details of t h e  weight changes are shown 
on d i s c u s s i o n  pages of Table  5-3. 

The las t  r e p o r t  w a s  "Modular Space S t a t i o n  Mass P r o p e r t i e s  

5.3 
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Table 5-1. SM-2 Station Module Weight Statement 
GROUP WEIGHT STATEMENT I PAGE 1 of 4 

CONFIGURATION SM-2 Launch (BY Space Station Engr. I DATE Nov. 1971 
1. 

2. 

3.  

4. 

5. 

6. 

7. 

WING GROUP - Not Applicable 
TAIL GKOUP - Not Applicable 
BODY STRUCTURE (Common Modules 

FWD CTR AFT 
Basic Structure 

Side Walls 
Bulkheads 

( > (  4700 > (  ) 4700 
3780 
740 

Partitions 
Floors (Structural) 
Fittings 180 

Secondary Structure 3350 
Crew Compartment (Partitions & Floors) 1750 
Cargo Compartment (Rails & Storage) 260 

Doors/Hatches/Windows & Access Domes 360 
Airlock (Auxiliary Passage) 265 
Brackets, Doublers 372 

Equipment Compartment (Utility) 343 

INDUCED ENVIRONMENT PROTECTION (Common Modules 

Thermal Protection - 348 
Radiative Panels/Coatings 
Insula tion 348 
Coo lan t Sy s t em 

Noise Protection 
Meteoroid Protection (Integ. Rad./Meteor. Not Incl.) 387 
Radia t ion P r o t ec t ion 

LAUNCH, RECOVERY & DOCKING (Common Modules 

Launch Support 
Tie Down 
Handling 

Docking 
Berthing 
Utility Interfaces 

PROPULSION ASCENT - Not Applicable 
PROPULSION-CRUISE - Not Applicable 

410 
80 

8050 

735 

490 
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Table 5-1. SM-2 S t a t i o n  Module Weight Statement  (Cont) 

GROUP WEIGHT STATEMENT I P A G E  2 of 4 
CONFIGURATION SM-2 Launch IBY Space S t a t i o n  Enar. IDATE Nov. 1971 

~ 

8. PROPULSION-AUXILIARY 
T h r u s t e r  System (Common Modules 153 

A t t i t u d e  O r b i t  CMG Spin & 
Cont ro l  Maint.  Desat. Despin 
( 153 ) (  > (  > (  ) 

Thrus t e r  0 
Thrus t e r  In s  t a l l  0 
P r o p e l l a n t  Sys. 65 
Tankage (Accumul.) 88 

Ro l l  
P i t c h  
Yaw 
Magnetic Unloading System (Prepro.  & Elect)  
Support  S t r u c t u r e  

Cont ro l  Moment Gyro (Common Modules ) 0 

Manipulator  System (Common Modules ) 0 
Ac tua to r ,  motor 
Pie chanism 
Support  S t r u c t u r e  
Locks 

9 .  PRIME POWER 
Batteries (Common Modules 1 

Ba t t e ry  
Conta iner  & Supports  
E lec t r ica l  Coupling 
Voltage Con t ro l s  
Recharge Con t ro l s  
Thermal Con t r o  1 

So la r  Cells 
Subs t ra t es 
Deployment Devices 
O r i e n t a t i o n  Con t ro l s  
Voltage Con t ro l s  
Cooling System 
Panel  S t ruc ture /Mounts  & Supports  

Fue l  Cells 
Suppor t s / Ins  t a l l a t i o n / T a n k a g e  
E l e c t r o l y s i s  Units 

S o l a r  Array (Common Modules ) 

F u e l  C e l l s / E l e c t r o l y s i s  Units 

10.  ELECTRICAL CONVERSION & DISTRIBUTION (Common Modules - ) 
Supply Con- Con t ro l  

v e r s i o n  Un i t s  
Equipment - 14  14) 

S u p p o r t s / I n s t a l l a t i o n  35 

D i s t r i b u t i o n  & Cont ro l  C i r c u i t r y  350 
U t i l i t y  Systems 1 4  6 

11. HYDRAULIC CONVERSION & DISTRIBUTION - Not App l i cab le  

12. SURFACE CONTROLS - Not Appl icable  

15 3 

0 

545 
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~- ~~~ ~~ ~~ I CONFIGURATION SM-2 Launch IBY Space S t a t i o n  Engrl DATE 

Table  5-1. SM-2 S t a t i o n  Module Weight Statement (Cont) 

Nov. 197: 

I GROUP WEIGHT STATEMENT J P A G E  3 of  4 

13. AVIONICS (Common Modules ) 
Uni t s  C i r -  Cooling An- I n s t a l l  

c u i t r y  t ennas  
( 126 2 6 1 

Guidance & Nav. 
F l i g h t  Con t ro l  
Man i p u 1 a t o r 

Con t ro l  
Data Mgmt. 60 1 3 64 
Communication 28 1 1 30 
I n s  t rumen t a  t i o n  
Di sp lays  38 2 40 

14. ENVIRONMENTAL CONTROL (Common Modules ) 
Atmospheric Gas Supply 11 
G a s  Management /P rocess ing  1617 
Heat Transpor t  ( I n t e g r a l  Radiator/Meteoroid) 1570 

15. PERSONNEL PROVISIONS (Common Modules 1 
Accommodations 127 

C h a i r s ,  bunks,  t a b l e s  
Rec rea t ion  & Exerc i se  
Medical & Denta l  Equipment 
Mobi l i t y  Aids & R e s t r a i n t s  120 
Suppor ts  7 

Waste Management 0 

Fixed L i f e  Support Equipment 138 
Water Management 23 

P e r s o n a l  Hygiene 27 
Food Management 88 

Cargo Handling 0 
Furn i sh ings  - General Purpose Lab 3055 * 
Emergency & S a f e t y  Equipment 80 

116. RANGE SAFETY & ABORT (Common Modules 1 

1 7 .  BALLAST (Common Modules ) 

18. GROWTH/UNCERTAINTY 

1.9. OPEN 

SUBTOTAL (Dry Weight) 

I * Inc ludes  Experiment A i r lock  Package of 1200 Pounds 

134 

3198 

3400 

0 

0 

0 

: 16705 
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Table  5-1. SM-2 S t a t i o n  Module Weight Statement (Cont) 

GROUP WEIGHT STATEMENT  PAGE 4 of 4 

CONFIGUKATION SM-2 Launch I BY Space S t a t i o n  Engr.1 DATE 

20. PERSONNEL (Common Modules 1 
. C r e w  
P e r s o n a l  Gear (Clothing,  Linens,  E t c - 1  
L i f e  Support  

Food Backup Gal ley  Supply * 
Water (Potoble  F i l l )  
P o r t a b l e  Equipment (PLSS & PGA) 

Accessor ies  

Experiments (T-1 Contam. Meas.) 807 
Suppl ies  (P-2, P-4 & T-1 Exp. Consum.) 30 2 

2 1 .  CARGO (Common Modules 

2 2 .  ORDNANCE (Common Modules 

23.  RESIDUAL FLUIDS & SERVICE ITEMS (Common Modules 1 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (Atmos. , A c c ~ .  There F l u i d s )  693 
L i f e  Support  6 
Electr ical  Power 

2 4 .  OPEN 
SUBTOTAL INERT WEIGHT 

25. RESERVE FLUIDS & SERVICE ITEMS (Common Modules 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (Repress. 02 & N2) 

Elec t r ica l  Power 
L i f e  Support  (LiOH Canisters--Emerg.)96 h r .  Emerg./2 112 

26. INFLIGHT LOSSES (Common Modules 1 
A u x i l i a r y  P r o p u l s i o n  
Environmental Cont ro l  

Electrica Power (Buildup HP 0 & H2) 
Avionics  t P r i n t e r  F a c s i m i l e  Pager) 

L i f e  Support  ( U t e n s i l s )  Backup Gal ley Supply * 

27. PROPELLANT-ASCENT - Not Appl icable  

28. PROPELLANT-CRUISE - Not Appl icable  

29. PROPELLANT-AUXILIARY (Common Modules 1 
A t t i t u d e  Cont ro l  
Orb i t  Maintenance 
CMG Desa tura t ion  
Spin ti Despin 

TOTAL (GROSS WEIGHT) 

* Items d e l i v e r e d  by Cargo Module 

3v. 1971 

0 

1109 

0 

699 

(18513 

112 

0 

0 

( 18625 ) 
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Table  5-3. SM-2 S t a t i o n  Module Weight Change 

- 
CHANGE 

NOTE 

1 

2 

3 

4 

5 

6 

7 

WE1GHTK.G. CHANGE ANALYSIS - CONT. 

DISCUSSION 
I 

30DY GROUP - 1050 

T r a n s f e r r e d  experiment a r i l o c k  package from secondary 
s t r u c t u r e  t o  g e n e r a l  purpose l a b  f u r n i s h i n g s  i n  

Revised i n t e r n a l  arrangement w i t h  increases i n  
u t i l i t y  d i s t r i b u t i o n  and misce l laneous  changes ---- + 150 

personnel  p r o v i s i o n s  .............................. -1200 

CNDUCED ENVIRONMENT PROTECTION - 325 

Remove thermal  covers  and i n c r e a s e  r a d i a t o r  area which 
reduces  meteoroid p r o t e c t i o n .  

LANDING, REXOVERY, & DOCKING + 30 

C a l c u l a t i o n s  of l a y o u t s .  
Inc reased  b e r t h i n g  allowance. 

?ROPULSION - AUXILIARY + 153 

T r a n s f e r  one-half accumulators  f o r  RCS system t o  SM-2 
from c o r e  (ba lance  t o  SM-3). 

ZLECTRICAL CONVERSION & DISTRIBUTION - 115 

Revis ion  i n  electrical  equipment (-53). R e a l l o c a t i o n  of  
w i r i n g  reddces  t h e  SM-2 wi r ing  al lowance (-62). 

iVIONICS 

Reduce t h e  number of aud io /v ideo  u n i t s  ----------- 
Remove TV mon i to ry  i n c r e a s e  number RACU's and 
misce l l aneous  changes _----- 

ZNVIRONMENTAL CONTROL 

I n c r e a s e  r a d i a t o r  area which increases i n t e g r a l  
r ad ia to r /me teo ro id  weight -------------c--------- 

Trans fe r  pump packages,  i n t e r c o o l e r s  and r e s e r v o i r  

I n c r e a s e  c o l d p l a t e s ,  t ub ing  and valves ---------- 
to SM-1 from SM-2 ............................... 

- 76 

- 54 

- 22 

+ 260 

+ 390 

- 245 

+ 115 
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Table 5-3. SM-2 S t a t i o n  Module Weight Change ( 

_. 
CHANGE 

NOTE 

8 

9 

10 

11 

12  

13 

WEIGHT/C.G. CHANGE ANALYSIS - CONT. 

DISCUSSION 

'ERSONNEL PROVI S I  ONS 

Medical & Denta l  equipment removed from SM-2 ----- 
Water rec lamat ion  t r a n s f e r r e d  t o  SM-1 from SM-2 
reduced water management ........................ 
T o i l e t  and u r i n a l  removed from SM-2 --------I--- 

Shower and s i n k  removed from SM-2 reduced p e r s o n a l  
hygiene _.-_-------_--__-__-_---_-------------- 

Add backup g a l l e y  t o  SM-2 ---__-_-_-_--_----_-___ 
T r a n s f e r  experiment a i r l o c k  from see. s t r u c t u r e  t o  
g e n e r a l  purpose l a b  f u r n i s h i n g s  ------------------ 
Remove Data Analysis  area f u r n i s h i n g s  (-696), photo 
p rocess  area f u r n i s h i n g s  (-240) and misce l l aneous  
(-209 ____________________---------_-------------- 
Miscel laneous changes ............................ 

?ERSONNEL 

Po tab le  water removed from SM-2. 

ESSIDUAL FLUIDS 

Reduce thermal  f l u i d s  when c o o l a n t  hardware 
t r a n s f e r r e d  t o  SM-1. 

CESERVE FLUIDS 

Add emergency L i O H  c a n i s t e r s .  

CNFLIGHT LOSSES 

Removed from SM-2. 

- 381 

- 757 

- 84 

- 367 

+ 88 

+1200 

-1245 

+ 14 

+ 807 

+ 302 

- 1532 

412 

+ 1109 

- 462 

+ 112 

- 467 
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6 ,  SM-3 MODULE MASS PROPERTIES 

The two lab/ECS modules, SM-2 and SM-3, are i n  d i f f e r e n t  i s o l a t a b l e  
volumes of t h e  s t a t i o n .  
i n  similar areas i n  t h e  module o f  t h e  o p p o s i t e  volume. The lower deck area 
of s t a t i o n  modules SM-2 and -3 con ta in  environmental  c o n t r o l  subsystem 
assembl ies  f o r  a i r  r e v i t a l i z a t i o n  (COz management and atmosphere c o n t r o l ) .  
Conunc)n i n s t a l l a t i o n  arrangements  provide  e a s y  access f o r  maintenance and 
service. The remaining lower deck area i s  f o r  s t o r a g e  of  s t a t i o n  and expe r i -  
ment s u p p l i e s .  The above deck area i n  SM-3 con ta ins  t h e  primary g a l l e y /  
d in ing  and r e c r e a t i o n  areas as w e l l  as g e n e r a l  purpose l a b o r a t o r y  f a c i l i t i e s .  
The l a b  c a p a b i l i t y  i s  designed t o  suppor t  bo th  phys ic s  and biomedical  expe r i -  
ments. 
i s  a t t ached  t o  t h e s e  l a b  modules. The one on SM-2 p o i n t s  t o  n a d i r  on SM-3 t o  
z e n i t h .  An experiment o p e r a t i o n s  area and a i r l o c k  load ing  access space  i s  
provided i n  each  module a t  t h e  a i r l o c k  end. 

Where backup f u n c t i o n s  are provided,  t hey  are l o c a t e d  

F igu re  6-1 p r e s e n t s  Lab/ECS Module SM-3. A g e n e r a l  purpose a i r l o c k  

ABOVE 

D€CK 
- 

X PLRlMt N 7 AIR1 

MEDIWl/RIOl061CAl ARC4 

BELOW 

DEL K 

AIR SLIMLY DUCT 
KCTURN wcr €QU/PMrn (nFj (EtlOW) 

5JAJION M O D U L E  3 

.OLK 

Figure  6-1. Lab/ECS Module SM-3 
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MODULAR WEIGHT STATEMENTS 

The weights  p re sen ted  i n  t h i s  s e c t i o n  are based on t h e  p re l imina ry  des ign  
c o n f i g u r a t i o n  from t h e  c u r r e n t  s tudy  and are coded by t h e  MSC (NASA) coding.  

Table  6-1 p r e s e n t s  t h e  SM-3 Module Group Weight Statement .  These weights  
are on t h e  new MSC Group Weight forms. F igu re  6-1 p r e s e n t s  t h e  SM-3 module 
conf igu ra t ion .  The SM-3 module m a s s  p r o p e r t i e s  are shown i n  Table  6-2. The 
c e n t e r  of  g r a v i t y  s t a t i o n s  are i n  t h e  module coord ina te  system which is shown 
i n  Sec t ion  8. Table 6-3 p r e s e n t s  t h e  weight  changes from t h e  l a s t  r e p o r t  t o  
t h i s  r e p o r t .  The l as t  r e p o r t  w a s  "Modular Space S t a t i o n  Mass P r o p e r t i e s  
I n i t i a l  Summary," da t ed  J u l y  1971. Details of t h e  weight  changes are shown 
on d i s c u s s i o n  pages of Table 6-3. 

6.3 
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Table  6-1. SM-3 ' S t a t i o n  Module Weight Statement 

GKOUP WEIGHT STATEMENT I PAGE 1 of 4 

1. W I N G  GROUP - Not Appl icable  

2 .  TALL GROUP - Not Appl icable  

3. BODY STRUCTURE (Common Modules 1 
FWD CTR AFT 

Bas ic  S t r u c t u r e  ( > (  4700 ) 4700 
Side  Walls 3780 
Bulkheads 7 40 
P a r t i t i o n s  
F loo r s  ( S t r u c t u r a l )  
F i t t i n g s  180 

Secondary S t r u c t u r e  3446 
C r e w  Compartment ( P a r t i t i o n s  & Floor s )  1926 
Cargo Compartment ( R a i l s  & Storage)  26 0 

Doors/Hatches/Windows & Access Domes 40 8 
Ai r lock  (Aux i l i a ry  Passage) 135 

Equipment Comp'artment ( U t i l i t y )  343 

Brackets  , Doublers 374 

4.  INDUCED ENVIRONMENT PROTECTION (Common Modules 1 

Thermal P r o t e c t i o n  359 
R a d i a t i v e  Panels /Coat ings  

Coolant System 
I n s u l a t i o n  ( Inc lud .  Window Cover) 359 

Noise P r o t e c t i o n  
Meteoroid P r o t e c t i o n  ( I n t e g .  Rad./Meteor. Not includ.)387 
Rad ia t ion  P r o t e c t i o n  

5. LAUNCH, RECOVERY & DOCKING (Common Modules 1 

Launch Support 
T i e  Down 
Hand l i n g  

Docking 
Ber th ing  ( 2  P o r t s )  
U t i l i t y  I n t e r f a c e s  

6 .  PROPULSION ASCENT - Not Appl icable  

7 .  PROPULSION-CRUISE - Not App l i cab le  

410 
80 

8146 

746 

490 
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Table  6-1. SM-3 S t a t i o n  Module Weight Statement  

GROUP WEIGHT STATEMENT 

CONFTGURATION SM-3 Launch I BY Space S t a t i o n  Engr. 

8. PKOPULSION-AUXILIAKY 
T h r u s t e r  System (Common Modules 

A t t i t u d e  O r b i t  CMG Spin & 
Cont ro l  Maint. Desat. Despin 
( 153 > (  > (  > (  1 

Thrus t e r  
Thrus t e r  I n s t a l l  
P r o p e l l a n t  Sys. 65 
Tankage (Accum.) 88 

R o l l  
P i t c h  

Con t ro l  Moment Gyro (Common Modules 

Y aw 
Magnetic Unloading System (Preproe & E l e c t r  
Support  S t r u c t u r e  

Ac tua to r ,  motor 
Mechanism 
Support  S t r u c t u r e  
Locks 

9 .  PRIME POWER 

PIanipulator Sys t e m  (Common Modules ) 

Batteries (Common Modules 
Ba t t e ry  
Conta iner  & Supports  
E lec t r ica l  Coupling 
Voltage Con t ro l s  
Recharge Con t ro l s  
Thermal Con t ro l  

S o l a r  Cells 
S u b s t r a t e s  
Deployment Devices 
O r i e n t a t i o n  Cont ro ls  
Voltage Con t ro l s  
Coo l i n g  Sys t e m  
Pane l  S t ruc ture /Mounts  & Supports  

Fue l  Cells 
Suppor t s / Ins  t a l l a t  i o n  /Tankage 
E l e c t r o l y s i s  Units  

S o l a r  Array (Common Modules , , 1  

Fue l  C e l l s / E l e c t r o l y s i s  Units - 

10. ELECTRICAL CONVERSION 6 DISTRIBUTION (Common Modules - ) 
Supply Con- Con t ro l  

v e r s i o n  Units 
Equipment 14  I . -  D i s t r i b u t i o n  & Cont ro l  C i r c u i t r y  - 
U t i l i t y  Systems 
S u p p o r t s / I n s t a l l a t i o n  

11. HYDRAULIC CONVERSION & DISTRIBUTION - Not App l i cab le  

1 2 .  SURFACE CONTROLS - Not Appl icable  

2 of 4 

w. 1971 

153 

0 

545 
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GROUP WEIGHT STATEMENT PAGE 3 of 4 

CONFIGURATION SM-3 Launch IBY Space S t a t i o n  Engr.1 DATE ' 

13. AVIONICS (Common Modules 
Un i t s  C i r -  Cooling An- I n s t a l l  

c u i t r y  t ennas  
( 151 ) (  3 > (  > (  > (  7 

Guidance & Nav. 
F l i g h t  Con t ro l  
Manipulator 

Con t r o  1 
Data Mgmt. 60 1 3 64 
Communication 53 2 2 57 
I n s  t r m e n  t a t i on 
D i s p 1 ay s 38 2 40 

14. ENVIRONMENTAL CONTROL (Common Modules 
Atmospheric Gas Supply 11 
Gas Management/Processing 1617 
Heat Transpor t  ( I n t e g r a l  Radiator/Meteoroid) 1570 

15. PERSONNEL PROVISIONS (Common Modules 
Accommodations 497 

Chai rs  bunks t a b l e s  15  2 
Rec rea t ion  & E x e r c i s e  200 
Medical & Denta l  Equipment 
Mobi l i t y  Aids & R e s t r a i n t s  120 
Suppor ts  25 

Water Management 23 
Waste Management 79 
P e r s o n a l  Hygiene 53 
Food Management 756 

Fixed L i f e  Support Equipment 911 

Cargo Handling 0 
Furn i sh ings  - Genera l  Purpose Lab 1318 * 
Emergency & S a f e t y  Equipment 80 

16. RANGE SAFETY & ABORT (Common Modules 

17 .  BALLAST (Common Modules 

18. GROWTH/UNCERTAINTY 

19. OPEN 

SUBTOTAL (Dry Weight) 

* Inc ludes  Experiment A i r lock  Package of 1200 pounds. 

w. 1 9 7 1  

161 

3198 

2806 

0 

0 

0 

1 16245 
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Table 6-1. SM-3 S t a t i o n  Module Weight Statement (Cont) 

GROUP WEIGHT STATEMENT IPAGE 4 of 4 

CONFIGURATION SM-3 Launch I BY Space S t a t i o n  Engr. IDATE Nov. 1971 

!O. PERSONNEL (Common Modules 1 
C r e w  
P e r s o n a l  Gear (Clo th ing ,  Linens,  E t c . )  
L i f e  Support  

Food Gal ley Supply (6-Man 120 days)  * 
Water (Potoble  F i l l )  
P o r t a b l e  Equipment (PLSS & PGA) 

Accessor ies  (Med. Suppl ies  & Drugs) 

Experiments (P-2 Plasma Phy. & Envir. P e r t .  1869 
2 1 .  CARGO (Common Modules 1 

Supp 1 ies P-4 Phys ics  & Chem. F a c i l i t y )  0 

22 .  ORDNANCE (Common Modules 1 
23. RESIDUAL FLUIDS & SERVICE ITEMS (Common Modules 1 

A m i  l i a r y  Propuls ion  
Environmental  Control(Atmos. , Accum. & Therm. F l u i d s )  693 
L i f e  Support  6 
Electr ical  Power 

24. OPEN 
SUBTOTAL INERT WEIGHT 

25. RESERVE FLUIDS & SERVICE ITEMS (Common Modules ) 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (Repress. 02 & N2) 
L i f e  Support  (LiOH C a n i s t e r s  - Emerg.)96 h r .  Emerg/2 
E l e c t r i c a l  Power 

112 

2 6 .  INFLIGHT LOSSES (Common Modules ) 
A u x i l i a r y  Propuls ion  
Environment a1 Cont ro l  

Electr ical  Power (Buildup HP 02 & N2) 
Avionics  ( P r i n t e r  Facs imi le  Paper)  

L i f e  Support(Utensi1s)  Gal ley Supply(6 Men-120 days)  * 

2 7 .  PROPELLANT-ASCENT - Not Appl icable  

28. PROPELLANT-CRUISE - Not Appl icable  

29. PROPELLANT-AUXILIARY (Common Modules 1 
A t t i t u d e  Cont ro l  
Orb i t Main t enan c e 
CMG Desa tura t ion  
Spin & Despin 

TOTAL (GROSS WEIGHT) 

* Items d e l i v e r e d  by Cargo Module 

0 

1869 

0 

699 

18813 ) 

112 

0 

0 

[ 18925 ) 

I 
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Space Division 
North American Rockwell Table 6-3. SM-3 S t a t i o n  Module Weight Change( 

- 
ZHANGE 
NOTE 

1 

2 

3 

4 

5 

6 
5 

7 

WEIGHT/C.G. CHANGE ANALYSIS - CONT. 
PAGE 

2 of 3 DISCUSSION 

ODY GROUP 

T r a n s f e r r e d  experiment a i r l o c k  package from secondary 
s t r u c t u r e  t o  g e n e r a l  purpose l a b  f u r n i s h i n g s  i n  

Revised internal arrangement w i t h  i n c r e a s e  i n  
p a r t i t i o n s  & f l o o r s  (+176), i n c r e a s e  i n  u t i l i t y  
d i s t r i b u t i o n  (+299), a u x i l i a r y  passage t u n n e l  
t r a n s f e r r e d  t o  SM-4 (-130) and o t h e r  r e v i s i o n s  

-1200 pe r sonne l  p r o v i s i o n s  ............................. 

+ 246 and changes (-99). ............................. 

NDUCED ENVIRONMENT PROTECTION 

Remove and r e v i s e  thermal covers  (-31) and i n c r e a s e  
r a d i a t o r  area which reduced meteoroid p r o t e c t i o n  (-283). 

ANDING, RECOVER & DOCKING 

C a l c u l a t i o n s  of l a y o u t s  i n c r e a s e d  b e r t h i n g  allowance (+30). 

ROPULSION - AUXILIARY 

T r a n s f e r  one-half accumulators  f o r  RCS system from c o r e  
t o  SM-3 (ba lance  t o  SM-2). 

LECTRICAL CONVERSION & DISTRIBUTION 

R e a l l o c a t i o n  of w i r ing  reduces t h e  SM-3 w i r i n g  allowance 
(-62). Rev i s ions  i n  electrical equipment (-53). 

Y I O N I C  S 

Reduce number aud io /v ideo  u n i t s  ------------------ 
I n c r e a s e  number U C u ' s  ....................... 
Miscel laneous equipment r e v i s i o n s  ------------ 

;WI.RONMENTAL CONTROL 

I n c r e a s e  r a d i a t o r  area which i n c r e a s e s  i n t e g r a l  
r a d i a t o r / m e t e o r o i d  weight ...................... 
T r a n s f e r  pump packages , i n t e r c o o l e r s  , and r e s e r v o i r  

I n c r e a s e  c o l d p l a t e s ,  tub ing ,  and v a l v e s  -------- 
t o  SM-4 from SM-3 _-------_-----I---------- 

- 63 

+ 40 

- 6  

+ 390 

- 245 

+ 115 

- 954 

- 314 

+ 3 0  

f 153 

- 115 

+ 260 
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North American Rockwell Table  6-3. SM-3 S t a t i o n  Module Weight Change ( 

WEIGHT/C.G. CHANGE ANALYSIS - CONT. 

8 PERSONNEL PROVISIONS + 254 

Sea t ing  r e s t r a i n t s  and t a b l e s  added t o  SM-3 ------ + 152 

All r e c r e a t i o n  SI exercise t r a n s f e r r e d  t o  SM-3 + 150 

Medical SI Denta l  removed from SM-3 -------------- - 633 

Water rec lamat ion  t r a n s f e r r e d  t o  SM-4 from SM-3 
reduces  W a t e r  management ......................... - 757 

T o i l e t  and u r i n a l  removed from SM-3 (-84) and t r a s h  
p rocesso r  added (+79) t o  reduce  waste management -- - 5 

Shower and s i n k  removed from SM-3 reduces  pe r sona l  

Add g a l l e y  t o  SM-3 __-_---__-_---------------- + 756 

Trans fe r  exper .  a i r l o c k  from sec. s t r u c t u r e  t o  

Remove med. b i o l o g i c a l  area f u r n i s h i n g s  (252) ----- - 252 

Miscel laneous changes ....................... + 14 

- 371 hygiene .................................... 

gene ra l  purpose l a b  f u r n i s h i n g s  ---------I---- +1200 

9 PERSONNEL 

Po tab le  water removed from SM-3 

- 412 

10 ICARGO + 1869 
Add experiment equipment f o r  P-2 plasma ph-. & e n v i r .  
p e r t .  and P-4 phys ics  & chem. f a c i l i t y .  

, 11. I RESIDUAL FLUIDS - 462 

Reduce thermal  f l u i d s  when coo lan t  hardware t r a n s f e r r e d  
t o  SM-4. 

i 12 RESERVE FLUIDS 

Add emergency LiOH c a n i s t e r s .  

13  INFLIGHT LOSSES 

+ 112 

- 467 
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7 .  SM-4 MODULE MASS PROPERTIES 

The c rew/con t ro l  module(Figure 7-1) SM-4 has  common f u n c t i o n a l  allocations 
and equipment l o c a t i o n s  w i t h  SM-1. Each module performs a similar f u n c t i o n  in  
each of t h e  two p r e s s u r e - i s o l a t a b l e  volumes of t h e  s t a t i o n .  
f u n c t i o n s  are provided,  t hey  are l o c a t e d  i n  similar areas i n  t h e  module of t h e  
oppos i t e  volume. 

Where backup 

Both SM-1 and SM-4 con ta in  a commander/executive type s ta te room and two 
crew s ta te rooms i n  a s p l i t - l e v e l  arrangement.  Control  c e n t e r s  are 1 o c a t e d . o n  
t h e  upper deck of each module o u t s i d e  t h e  s ta teroom. The personal  hygiene 
f a c i l i t i e s  are i n  s i m i l a r  l o c a t i o n s ;  however, only SM-1 con ta ins  a shower. 
The waste management equipment is  l o c a t e d  below deck n e a r  t h e  personnel  
hygiene f a c i l i t y  t o  s i m p l i f y  sewage t r a n s p o r t  and process ing .  
deck i n  SM-4 c o n t a i n s  t h e  primary medical  and crew care f a c i l i t i e s .  

The area above 

MEDICRL AREA CONTROL C C M z l L  NO. 2 UECUTIYLY STRTCKLWM 

. LIF€ 
@UIP 

S T A T l O N  MODULL 4 

Figure  7-1. Crew/Control Module SM-4 
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MODULAR WEIGHT STATEMENTS 

The weights  p r e s e n t e d  i n  t h i s  s e c t i o n  are based on t h e  p r e l i m i n a r y  
des ign  c o n f i g u r a t i o n  from t h e  c u r r e n t  s t u d y  and are coded by t h e  MSC (NASA) 
coding,  

Table 7-1 p r e s e n t s  t h e  SM-4 Module Group Weight Statement.  These weights  
are on the new MSC Group Weight forms, F i g u r e  7-1 p r e s e n t s  t h e  SM-4 module 
c o n f i g u r a t i o n .  The SM-4 module m a s s  p r o p e r t i e s  are shown i n  Table 7-2. The 
c e n t e r  of g r a v i t y  s t a t i o n s  are i n  the module c o o r d i n a t e  system which is shown 
i n  Sec t ion  8 ,  Table 7-3 p r e s e n t s  t h e  weight changes from t h e  l a s t  r e p o r t  t o  
t h i s  r e p o r t .  The las t  r e p o r t  w a s  "Modular Space S t a t i o n  Mass P r o p e r t i e s  
I n i t i a l  Summary,'' d a t e d  J u l y  1971. Details of t h e  weight  changes are shown 
on d i s c u s s i o n  pages of  Table 7-3. 
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Table  7-1. SM-4 S t a t i o n  Module Weight Statement  

GROUP WEIGHT STATEMENT I PAGE 1 of 4 

CONFIGURATION SM-4 Launch I BY Space S t a t i o n  Engr. I DATE I 

1. 

2 .  

3 .  

4. 

5 .  

6. 

7. 

W I N G  GROUP - Not Appl icable  

TAIL GROUP - Not Appl icable  

BODY STRUCTURE (Common Plodules 1 
FWD CTR AFT 

Basic  S t r u c t u r e  ( ) (  4700 ) 4700 
Side  Walls 3780 
Bu 1 kh e ads  740 
P a r t i t i o n s  
F loo r s  ( S t r u c t u r a l )  
F i t t i n g s  180 

Secondary S t r u c t u r e  3378 
C r e w  Compartment ( P a r t i t i o n s  & Floor s )  1899 
Cargo Compartment ( R a i l s  & Storage)  160 
Equipment Comp'ar tmen t ( U t i l i t y  ) 275 
Doors/Hatches/Windows & Access Domes 408 
Air lock  (Aux i l i a ry  Passage)  2 65 
Brackets ,  Doublers 371 

I N D U C E D  ENVIRONMENT PROTECTION (Common Modules ) 

Thermal P r o t ec t ion  359 
Radia t ive  Panels /Coat ings  

Coolant System 
I n s u l a t i o n  ( Inc lud .  Window Cover) 359 

Noise P r o t e c t i o n  
Meteoroid P ro tec t ion (1n teg .  Rad./Meteor. Not i nc ld . )  387 
Radia t ion  P r o t e c t i o n  

LAUNCH,  RECOVERY & D O C K I N G  (Common Piodules 1 

Launch Support  
T i e  Down 
Hand l i n g  

Docking 
Ber th ing  (2 P o r t s )  
U t i l i t y  I n t e r f a c e s  

PROPULSION ASCENT - Not Appl icable  

PROP UL S ION- CRU I S E - Not Ap p 1 i cab l e  

4 10 
80 

v. 1971 

8078 

746 

490 
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Table  7-1. SM-4 S t a t i o n  Module Weight S ta tement  (Gont) 

GROUP WEIGHT STATEMENT I P A G E  2 of 4 

CONFIGURATION SM-4 Launch I BY Space S t a t i o n  Engr. I DATE 1 

8 .  PKOPULSION-AUXILIARY 
T h r u s t e r  System (Common Modules ) 

A t t i t u d e  O r b i t  CMG Spin & 
Cont ro l  Maint.  Desat. Despin 
( > (  > (  ) (  1 

Thr us  t er 
Thrus t e r  I n s t a l l  
P r o p e l l a n t  Sys. 
Tankage 

R o l l  
P i t c h  
Yaw 
Magnetic Unloading Sys t e m  (Prepro.  & Elect .) 
Support  S t r u c t u r e  

Ac tua to r ,  motor 
Plechanism 
Support  S t r u c t u r e  
Locks 

9. PRIME POWER 

Con t ro l  Moment Gyro (Common Modules 1 

Planipulator  Sys t e m  (Common Modules 1 

Batteries (Common Modules ) 0 
Ba t t e ry  
Conta iner  & Supports  
E lec t r ica l  Coupling 
Voltage Cont ro ls  
Recharge Con t ro l s  
Thermal Con t ro  1 

S o l a r  C e l l s  
Subs t ra t es 
Deployment Devices 
O r i e n t a t i o n  Cont ro ls  
Voltage Con t ro l s  
Cooling System 
Pane l  S t ruc ture /Mounts  & Suppor ts  

Fue l  Cells 
Supports/Installation/Tankage 122 
E l e c t r o l  sis Units T 

S o l a r  Array (Common Modules ) 0 

Fuel  C e l l s / E l e c t r o l y s i s  Units  766 

1 10 .  ELECTRICAL CONJERSION & DISTRIBUTION (Common Moduies - 
Supply Con- Con t ro l  

v e r s i o n  Un i t s  
Equipment - 1 4  -14_) 

U t i l i t y  Systems 146 
S u p p o r t s / I n s t a l l a t i o n  80 

D i s t r i b u t i o n  & Cont ro l  C i r c u i t r y  756 

11. HYDRAULIC CONVERSION & DISTRIBUTION - Not App l i cab le  

12.  SURFACE CONTROLS - Not Appl icable  

v. 1971 

0 

76 6 

99 6 
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r 
GROUP WEIGHT STATEMENT PAGE 3 of 4 

CONFIGURATION SM-4 Launch BY Space S t a t i o n  Engr. DATE Nov. 1 9 7 1  

13. AVIONICS (Common Modules 1 
Un i t s  C i r -  Cooling An- I n s t a l l  

c u i t r y  tennas  
( 1 8 0 1 1 (  36 > (  > (  234 > (  569 1 

Guidance & Nav. 
F l i g h t  Con t ro l  
Manipulator 

Con t r o  1 
Data blgmt. 72 7 13 32 722 
Communication 619** 23 234 514 1390 Ji 
I n s  t rumen t a  t i o n  
D i  s p l ays  455 23 478 

14. ENVIRONMENTAL CONTROL (Common Modules 1 
Atmospheric Gas Supply 
Gas Management/Processing 558 
Heat Transpor t  ( I n t e g r a l  Radiator/Meteoroid) 1969 

15. PERSONNEL PROVISIONS (Common Modules 1 
Accommodations 972 

C h a i r s ,  bunks, t a b l e s  196 
Rec rea t ion  & Exercise 50 
Medical & Denta l  Equipment 554 
Mobi l i t y  Aids & R e s t r a i n t s  120 

52 S upp o r t s 

Water Management 638 
Waste Management 163 
P er s ona 1 Hy g i en e 56 
Food Management 

Fixed L i f e  Support Equipment 85 7 

Cargo Handling 
Furn i sh ings  - Genera l  Purpose Lab 176 
Emergency & S a f e t y  Equipment 54 

116. RANGE SAFETY & ABORT (Common Modules 1 1 1 7 .  BALLAST (Common Modules 1 

18. GROWTH/UNCERTAINTY 

19. OPEN 

SUBTOTAL (Dry Weight) 

* Inc ludes  S t e e r a b l e  Antenna Package of 710 pounds. 

** 100 l b s .  Communication U y i t s  - n o t  inc luded  ( w i l l  b e  t r a n s f e r r e d  
from Core du r ing  bu i ldup  

2640 

2527 

2059 

0 

0 

0 

(18302 

7.6 
SD 71-219 



Space Division 
North American Rockwell 

CONFIGURATION SM-4 Launch 

Table 7-1. SM-4 S t a t i o n  Module Weight Statement  (Cont) 

BY Space S t a t i o n  Engr. DATE NOV. 1971 

~ 

GROUP WEIGHT STATEMENT ~- ~ ]PAGE 4 o f 4  

!O. 

!1. 

22. 

23. 

24. 

25. 

26. 

27.  

28 .  

29. 

PERSONNEL (Common Modules 1 
C r e w  

L i f e  Support  400 
P e r s o n a l  Gear (Clothing,  Linens,  E tc . )  * 

400 * 
Food 
Water (Potoble  F i l l )  
P o r t a b l e  Equipment (PLSS & PGA) 

Accessor ies  (Med. Suppl ies  & Drugs) 110 

CARGO (Common Modules ) 
Experiments 
Suppl ies  

ORDNANCE (Common Modules ) 

RESIDUAL FLUIDS & SERVICE ITEMS (Common Modules 1 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (AGmos., Accum. & Ther. F l u i d s )  1125 
L i f e  Support  6 
Elec t r ica l  Power 

OPEN 
SUBTOTAL INERT WEIGHT 

RESERVE FLUIDS & SERVICE ITEMS (Common Modules 1 
A u x i l i a r y  Propuls ion  
Environmental  Cont ro l  (Repress.  02 & N2) 
L i f e  Support  (LiOH C a n i s t e r s  - Emerg.) 
E l e c t r i c a l  Power 

INFLIGHT LOSSES (Common Modules ) 
A u x i l i a r y  Propuls ion  
Environment a 1 Con t r o  1 
L i f e  Support  ( U t e n s i l s )  
E lec t r ica l  Power (Buildup HP 02 & H2) 
Avionics  ( P r i n t e r  Facs imi le  Pa er) * 

PROPELLANT-ASCENT - Not Applicabfe 

PROPELLANT-CRUISE - Not Appl icable  

PROPELLANT-AUXILIARY (Common Modules 1 
A t t i t u d e  Cont ro l  
O r b i t  Maintenance 
CMG Desa tura t ion  
Spin & Despin 

TOTAL (GROSS WEIGHT) 

* I t e m s  d e l i v e r e d  v ia  Cargo Module 

5 10 

0 

0 

1131 

( 19943 ) 

( 19943 ) 
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North American Rockwell Table 7-3, SM-4 S t a t i o n  Module Weight (Cont) 

CHANGE 
NOTE 

1 

2 

3 

4 

5 

6 

7 

8 

WEIGHT/C.G. CHANGE ANALYSIS - CONT. 

DISCUSSION 

BODY GROUP 

Revised i n t e r n a l  arrangements  w i t h  increase i n  p a r t i t i o n s  
& f l o o r s  (+149), increase i n  u t i l i t y  d i s t r i b u t i o n  (+231), 
reduce  s t o r a g e  (-60), reduce b r a c k e t s  & doub le r s  (-128), 
and o t h e r  r e v i s i o n s  (-14). 

INDUCED ENVIRONMENT PROTECTION 

Remove and revise thermal  covers  (-31) and i n c r e a s e  
r a d i a t o r  area which reduces meteoroid p r o t e c t i o n  (-283). 

LANDING, RECOVER & DOCKING 

C a l c u l a t i o n s  of l a y o u t s  i nc reased  b e r t h i n g  al lowance 
(+30). 

PRIME POWER 

E l e c t r o l y s i s  Un i t s  t r a n s f e r r e d  t o  SM-4 from t h e  co re  
(+766). 

ELECTRICAL CONVERSION & DISTRIBUTION 

Rea l loca t ion  of w i r ing  i n c r e a s e s  t h e  SM-4 w i r i n g  
al lowance (+340). Revis ions i n  electrical equipment 
(-4). 

A V I O N I C  S 

Contro l  Center  t r a n s f e r r e d  t o  SM-4 from t h e  core .  

I n c r e a s e  Data Management i n  SM-4 --------------- +721 
I n c r e a s e  communications i n  SM-4 -------------- +472 
I n c r e a s e  d i s p l a y s  i n  SM-4 ..................... +35 7 

ENVIRONMENTAL CONTROL 

I n c r e a s e  c i r c u l a t i o n  d u c t s  and r e v i s i o n s  i n  Gas 
Management/Processing ........................... + 75 

Inc reased  r a d i a t o r  area i n c r e a s e s  i n t e g r a l  r a d i a t o r /  

T rans fe r  pump packages,  i n t e r c o o l e r s  and r e s e r v o i r  
+245 

I n c r e a s e  c o l d p l a t e s ,  t ub ing  and valves --------- +3 96 

+3 90 meteoroid weight  ............................... 

t o  SM-4 from SM-3 -----_--------------____u_______ 

PERSONNEL PROVISIONS 

Sea t ing  r e s t r a i n t s  and t a b l e s  reduced i n  SM-4 ----- -105 
P a s s i v e  r e c r e a t i o n  dev ices  reduced i n  SM-4 -------- - 50 
Medical & d e n t a l  equipment added t o  SM-4 -----I-- +554 
Water rec l ama t ion  t r a n s f e r r e d  t o  SM-1 from SM-2 
(+757) & weight  r e v i s i o n s  (-137) i n c r e a s e s  water 

management ........................................ +620 

+ 178 

- 314 

+ 30 

+ 766 

+ 336 

+ 1550 

+ 1106 

+ 270 

- - ~~ - 
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Table 7-3. SM-4 S t a t i o n  Module Weight (cant) !!!A!! North American Rockwell 

WEIGHT/C.G. CHANGE ANALYSIS - CONT. 

DISCUSSION 

PERSONNEL - 1146 

Crew,  c l o t h i n g ,  l i n e n s ,  food, etc., w i l l  be d e l i v e r e d  
via cargo module on crew d e l i v e r y  f l i g h t s .  

RESIDUAL FLUIDS + 495 

I n c r e a s e  i n  thermal  f l u i d s  i n  thermal  c o n t r o l  coo lan t  
loops .  

INFLIGHT LOSSES - 128 

Gal ley  t r a n s f e r r e d  o u t  of SM-4 removes l i f e  suppor t  
( u t e n s i l s ) .  

- 
CHANGE 

NOTE 

8 
:cant> 

9 

10  

11 
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8. SYNTHESIS & ANALYSIS 

The weight  in format ion  presented  i n  t h i s  s e c t i o n  i s  supplementary to 
t h e  d a t a  i n  t h e  prev ious  s e c t i o n s ,  and p r e s e n t s  t h e  development of Modular 
Space S t a t i o n  weights ,  T h i s  a l s o  con t inues  t h e  documentation p e r  i n t e n t  of  
MIL-M-38310A (USAF) . 
TRADE DATA 

During t h e  Modular Space S t a t i o n  program ex tens ion ,  many t r a d e  s t u d i e s  
were made. These s t u d i e s  are documented i n  t h e  fo l lowing  Modular Space 
S t a t i o n  P re l imina ry  System Design r e p o r t s :  

SD71-217-5 Conf igura t ion  Analyses 
SD71-217-6 Trades and Analyses 

The Modular Space S t a t i o n  used f o r  determining t h e  m a s s  p r o p e r t i e s  w a s  t h e  
p re l imina ry  des ign  c o n f i g u r a t i o n  from these s t u d i e s .  

DESIGN AND SUBSTANTIATING DATA 

Core Module Design d a t a  i s  shown i n  Table  8-1 on t h e  Design Data Summary 
forms,  
module des ign  d a t a  i s  shown i n  Table  8-3 as t y p i c a l  f o r  t h e  s t a t i o n  modules. 
Table  8-4 i s  an inven to ry  of  t h e  f l u i d s  i n  t h e  c o r e ,  power and s t a t i o n  
modules a t  i n i t i a l  launch.  During t h e  s tudy  phase,  a l l  weight  d a t a  from 
l a y o u t  c a l c u l a t i o n  and d e t a i l  equipment l ists  w e r e  main ta ined  on NR Func- 
t i o n a l  Detai l  Weight S ta tements  so t h a t  t h e  d a t a  could be  u s e d - d i r e c t l y  by 
c o s t  ana lyses  and by p r o j e c t  f o r  group r e s p o n s i b i l i t y  s t a t u s ,  These func- 
t i o n a l  s t a t e m e n t s  w e r e  c r o s s  coded t o  t h e  MSC (NASA) coding f o r  the body of 
t h i s  r e p o r t ,  Some d e t a i l s  of a t y p i c a l  module are shown i n  Table 8-5 which 
p r e s e n t s  s u b s t a n t i a t i o n  d a t a  f o r  SM-1 S t a t i o n  Module i n  t h e  MSC (NASA) coding. 

Table  8-2 p r e s e n t s  des ign  d a t a  f o r  t h e  power module. SM-1 s t a t i o n  

CARGO MODULE 

The cargo module concept  (F igure  8-1) u t i l i z e s  the MSS u n i v e r s a l  strw- 
t u r e  except  t h a t  i t  i s  24 f e e t  i n  l e n g t h  compared t o  a s t a t i o n  module l e n g t h  
of  about 39 f e e t .  It i s  s e l f - s u f f i c i e n t  on o r b i t  f o r  s i x  men f o r  72 hours  
when i n  t h e  s h u t t l e  cargo bay. Up t o  11,800 pounds o f  cargo can b e  c a r r i e d  
w i t h  an up c r e w  load  of s i x  passengers .  Passengers  would occupy t h e  cargo 
module only  du r ing  o r b i t a l  p e r i o d s ,  and t r a n s f e r  t o  t h e  s t a t i o n  would be  
accomplished through the  o r b i t e r .  One hundred twenty cargo con ta ine r s ,  . 

l o c a t e d  as shown, provide  s u f f i c i e n t  dry  cargo s t o r a g e  c a p a c i t y  t o  m e e t  
resupply  and t h e  120-day s t o r a g e  c a p a c i t y  requi rements .  F ive  48-inch 
d iameter  t a n k s  provide  s u f f i c i e n t  c a p a c i t y  f o r  a l l  a n t i c i p a t e d  l i q u i d  and 
gas  resupply  requi rements .  Should t h i s  requirement  ever i n c r e a s e ,  up t o  n i n e  
t anks  can be  c a r r i e d  i n  t h e  annu la r  volume shown. 
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ECLSS HEAT EXCHANGER, 
WATER TANK d SUBLIMATOR 

FOOD' WEIGHT (LB) 
DRY 9660 MANAGEMENT 
RESIDUALS 210 
CONSUMABLE5 460 
PASSENGERS d PROVISIONS 2560 
CARGO CONTAINERS 350 

11,800 CARGO 
WASTE TOTAL 25,000 
MANAGEMENT 

- 

DESIGN FEATURES 

UTILIZES MSS UNIVERSAL 
MODULE STRUCTURE 

14 
DI  SELF-SUFFICIENT (72 HR) WHEN 

I N  SHUTTLE 

PROVIDES SHUTTLE BERTHING 
CAPABILITY FOR MSS RESCUE 

EASY CREW AND CARGO UNLOADING 

EASILY CONVERTIBLE TO ALL CARGO 

*CREW OCCUPANCY ONLY DURING 
ORBITAL FLIGHT 

Figure  8-1. Cargo Module Concept 

DIAGRAMS AND COORDINATE SYSTEMS 

The coord ina te  system on t h e  i n d i v i d u a l  modules and t h e  space  s t a t i o n .  
are both  lef t -handed a x i s  systems. A conversion i s  needed t o  go from module 
coord ina te  system t o  t h e  s t a t i o n  coord ina te  system, This conversion is 
summarized as fo l lows  : 

Space S t a t i o n  X S t a .  = Core Module X S t a .  + 430 
Space S t a t i o n  Y S t a .  = Core Module Y S t a .  
Space S t a t i o n  Z S t a .  = Core Module Z S t a .  

Space S t a t i o n  X S t a ,  = Power Module X S t a .  + 100 
Space S t a t i o n  Y Sta .  = Power Module Y S t a .  
Space S t a t i o n  Z S t a .  = Power Module Z S t a ,  

Space S t a t i o n  X S t a .  = -1 (SM-1 Module Z S t a . )  + 650 
Space S t a t i o n  Y S t a .  = SM-1 Module Y S t a .  
Space S t a t i o n  Z S t a .  = -1 (SM-1 Module X S t a .  - 2 4 )  

Space S t a t i o n  X S t a .  = -1 (SM-2 Module Z S t a . )  + 890 
Space S t a t i o n  Y S t a ,  = SM-2 Module Y S f a .  
Space S t a t i o n  Z S t a .  = -1 (SM-2 Module X S t a .  - 24)  

8.3 
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Space S t a t i o n  X S t a .  = -1 (SM-3 Module Z S t a , )  + 650 
Space S t a t i o n  Y S t a .  = SM-3 Module Y S t a ,  
Space S t a t i o n  Z S t a .  = SM-3 Module X S t a ,  - 24 

Space S t a t i o n  X S t a .  = -1 (SM-4 Module Z S t a . )  + 890 
Space S t a t i o n  Y S t a .  = SM-4 Module Y S t a .  
Space S t a t i o n  Z S t a .  = SM-4 Module X S t a .  - 24 

F igure  8-2 p r e s e n t s  a diagram of t h e  coord ina te  system used i n  es- 
t a b l i s h i n g  t h e  space s t a t i o n  c e n t e r  of g r a v i t y  and moments of  i n e r t i a - d a t a .  
F igure  8-3 p r e s e n t s  diagrams of  t h e  module coord ina te  systems used i n  
e s t a b l i s h i n g  t h e  module c e n t e r  of g r a v i t i e s  and moments of i n e r t i a  da t a .  

F igu re  8-4 p r e s e n t s  a p o r t i o n  of t h e  Core Module assembly drawing t o  
show t h e  s i g n i f i c a n t  dimensions and p r i n c i p a l  s t r u c t u r a l  i n t e r f a c e  l o c a t i n n s .  
The Power Module dimensions and s t ruc tu ra1 . a r r angemen t  i s  shown i n  Figure  8-5. 
F igu re  8-6 p r e s e n t s  t h e  same informat ion  on t h e  S t a t i o n  Modules, 
d a t a  w i l l  be  found i n  MSS drawings t e c h n i c a l  r e p o r t  number SD71-216, 

Add i t iona l  
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Table 8-1. Core Module Design Data 

DESIGN DATA SUMMARY  PAGE 1 of 4 
CONFIGURATION Core Module Launch I B Y  Space S t a t i o n  Engr. IDATE Nov. 1971 

Module Ta rge t  Weight 20000 l b s .  1. 

2. 

Wing Group - Not Appl icable  

T a i l  Group - Not Appl icable  

3. Body Group (Common Modules Core Module ) 
U l t i m a t e  Load Fac to r  

+ 
Design Condition Nx NY N Z  @ Weight, l b .  

O r b i t e r  Boost -4.95 - 0.90 0.825 25000 
O r b i t e r  Landing +1.8 - 1.44 f 0.90 4.5 25000 
Crash Condi t ion  +8.0 - 1.5 f 1.5 +4.5 - 2.0 25000 

Basic S t r u c t u r e  Wetted Fwd C t r  Aft  
Area - f t 2  ( ) 

Sidewal Is 1086 Sq.Ft. 
Bulkheads 190 Sq.Ft. 
P a r t i t i o n s  
Body Volume - cu. f t .  (To ta l )  P r e s s u r i z e d  Volume (4000 Cu. Ft). 

Primary S t r u c t u r a l  Material Aluminum 

S t r u c t u r a l  F loor  Area, Sq.Ft. 3 8 0  U l t .  Design Load Eqp. Ld.#/Sq.Ft. 
(Four I n e r t i a )  

Wetted Volume L i m i t  Press. 
M i  s c e 1 l a n  e ou s Area-Sq.Ft. Cu. F t .  Dif f . -ps i 

C r e w  Compartment 1435 Sq. F t .  4000 Cu.Ft. 14.9 p s i  F.S. = 2.0 
Equipment Compartment 
Car go Co mp a r t  men t 
Envelope 1891 Sq.Ft. 4649 Cu.Ft. 

4. Induced Environment P r o t e c t i o n  (Common Modules Core Module ) 

Thermal P r o t e c t  i on  Area-Sq . F t . Type Material 

1418 Sq.Ft. Multi-layer(1") Myler + Env. Covers 
R a d i a t i v e  
I n s u l a t i o n  
Coolant System 

Noise P r o t e c t i o n  
Rad ia t ion  
Me t e o r  o i d  1243 Sq.Ft. Bumper F i b e r g l a s s  

Fixed o r  deployable  Fixed Skin t h i c k n e s s  0.030" 

5. Launch, Recovery & Docking (Common Modules Core Module 1 
Docking: 

Max. Closing Rate f e e t  /sec. 
Number of P o r t s  Diameter f e e t  
Length of Docking Tunnel f e e t  

Number o f  P o r t s  10 Diameter (80" Dia.) 6.67 feet  
Length of  Access Tunnel (10") 0.83 f e e t  

Berthing: 

6. 

7. 

Propuls ion  Ascent - Not Appl icable  

Propuls ion  Cru i se  - Not Appl icable  
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Table 8-1. Core Module Design Data (Cont) 

DESIGN DATA SUMMARY I P A G E  2 of  4 I ' CONFIGURATION Core Module Launch IBY Space S t a t i o n  Engr. IDATENov, 1971 

8. Propuls ion  - Auxi l ia ry  
*.. 

T h r u s t e r s  (Common Modules Core Module ) 

Thrus t  (Vac)-lb 1 -Sec ACS Quant i ty  Req CMG 
Orbi t  Maint. Desa tura t ion  SP 

1 0  l b .  320 1 6  T h r u s t e r s  8 2 .  ( 1 
( 4  Quads) ( ) 

P r o p e l l a n t  Sys. Tank Tank Tank Burst  No. o f  
Type Vol-ft3 Mat1 Pres-psi  F a c t o r  Tanks 

F u e l  H7 

Fuel  P r e s s u r a n t  
Oxid izer  Press .  

Oxid izer  02 

Cont ro l  Moment Gyro (Common Modules Core Module 1 
Rotor  Angular Momentum I b * s e c *  (3) 40" O.D. CMG's 
Rotor Speed RPM 
May. Torque C a p a b i l i t y  f t . l b .  

Manipulator  System (Common Modules ) 
Max. Module Size:  D i a .  f t . ,  Length f t .  
Max. Module Weight l b  . 
Max. Reach f t .  
Type R e p o s i t i o n i n g  C a p a b i l i t y  

9. Prime Power (Common Modules Core Module 1 
Spec i f  i c T o t a l  
Power Power Type 

Batteries Star t -up  o n l y  Wat t-hr s / l b  Watt -hrs 
Fuel  Cell 1220 Watt-hrs/lb Fuel  48800 Watt-hrs H2/02 

3 4 . 3  Watts / lb  o f  Fuel  C e l l  28000 Watts 
EPS G a s  Tanks ( 4 ) 3 3 "  I . D . ,  ( 4 )  02 Tanks C! 26" D i a .  & (2) H20 

S o l a r  C e l l  T o t a l  Area s q . f t . ;  E f f e c t i v e  Area s q . f t .  
Rated Power @ 55°C. KW 
B a t t e r y  Deplet ion R a t i o  

10. Electr ical  Power Convers ion/Dis t r ibu t ion  
(Common Modules 1 

System Voltage = 1201208 V o l t s  
Watts Peak Power - 

Average Power = 3100 Watts 

11. Hydraul ic  Conversion 6 D i s t r i b u t i o n  - Not Applicable  

12.  Surface  Cont ro ls  - Not Applicable  

- 
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Table  8-1. Core Module Design Data (Cont) 

DESIGN DATA SUMMARY ]PAGE 3 of 4 
CONFIGURATION Core Module Launch IBy Space S t a t i o n  Engr. I W E  Nov. 1 9 7 1  

13. Avionics (Common Modules ) 

14. Environmental Cont ro l  (Common Modules ) 
Tot. S t o r  Storage Tank No. of  
Vol . - f t3  Pres .  M a t 1  Tanks 

Gas Supply System 
Primary Oxygen 
Secondary Oxygen 
Di luent  

Gas Requirement Average Rates 
Metabol ic  = 1.84 l b .  Man-Day 

Repressur ize  = l b .  Repressur ize  
P r e s s u r i z e d  Surface  Area - f t 3  1435 Sa.Ft.  

lb. Day - Leakage - 

Heat Transpor t  System Capacity = BTU h r  (Beak) 

Radia tor  Area = 185 S q . f t *  Aluminum Material 
BTU h r  (Ave) - - 

15. Personnel  P r o v i s i o n s  (Common Modules 1 
Water Management System Capacity 

Drinking Water = lb.  Man-Day x Man Days 
Wash i n  g - l b .  Man-Day x Man Days 
Coo 1 i n  g = l b .  BTU x BTU ’ s 

- 

Quarters  f o r  o f f i c e r s  men = t o  t a l  personnel  

16. Range S a f e t y  and Abort (Common Modules 1 
1 7 .  Ballast (Common Modules No b a l l a s t  ) 

Design C.G. Envelope Fwd = %L Aft  = %L 
Nominal C. G. Without Ballast = %L 
Nominal C e G. With lb .  Ballast  = %L 

18. Growth/Uncertainty (Common Modules None i n  Targe t  Weight ) 

Current  Allowance = l b  . 
Contrac tors  E s t .  of Allowance Needed t o  Guarantee 

Remaining Growth Allowance f o r  
Gross W t .  = l b  . * 
Customer Changes = l b  . 

*For System Requirements as Defined by 

19.  Open 
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T a b l e  8-1. Core Module Design Data (Cont) 

DESIGN DATA SUMMARY IPAGE 4 o f  4 
I DATE Nov. 1971 CONFIGURATION Core Module Launch IBy Space S t a t i o n  Engr. 

20. Personnel  (Common Modules 1 

No. o f  C r e w  = ; Ave P e r c e n t i l e  Man = 

21. Cargo (Common Modules ) 

22. Ordnance (Common Modules ) 

23-26. 2 3. R e s i d u a l s  24. Reserves 26.. I n - f l i g h t  
F l u i d s  Losses 

Common Modules 
Z of T o t a l  ( > (  > (  ) 

A u x i l i a r y  
Propuls ion  

Environment a1 
Cont ro l  624 

L i f e  Support  5 
Electrical  
Power 375 

27. P r o p e l l a n t  Ascent - Not Appl icable  

28. P r o p e l l a n t  C r u i s e  - Not Appl icable  

29. P r o p e l l a n t s  Expended 
(Common Modules 1 

Spin/  O r b i t  CMG 
Despin Maint. S a t u r a t i o n  A t t i t u d e  

Oxid izer  /Fue l  R a t  i o  811 811 811 
Fuel  Densi ty  - PCF 
Oxidizer  Densi ty  - PCF 0.083 /,/Ft.3 
Increment a1 Veloc i ty  
Ave Isp 320 32 0 320 
Mission Performance Reserve % of l b .  Wp 

0.0056 # / F t  . 
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5 .  Launch, Recovery & Docking (Common Modules Power Module 

Table  8-2. Power Module Data 

DESIGN DATA SUMMARY  PAGE 1 o f  4 
CONFIGURATION Power Module Launch l ~ y  Space S t a t i o n  Engr. I DATE Nov. 1971 

1. Wing Group - Not Applicable  

2. 

3.  Body Group (Common Modules Power Module 

T a i l  Group - Not Appl icable  Module Target  Weight 20000 l b .  

Ultimate Load Fac tor  
Design Condit ion Nx NY N Z  @ Weight, l b .  

O r b i t e r  Boost 
O r b i t e r  Landing 
Crash Condit ion 

Basic S t r u c t u r e  Wetted 
Area - f t 2  

Sidewalls  
Bulkheads 
P a r t i t i o n s  

-4.95 + 0.165 0.825 25000 
+1.8 - 1.44 + 0.90 4.5 25000 
+8.0 - 1.5  + 1 .5  +4.5 - 2.0 25000 

Fwd C t r  Aft  
( > (  > (  1 

541  Sq.Ft. 
Ring Frames 

-- 
Body Volume - cu. f t .  ( T o t a l )  P r e s s u r i z e d  Volume ( 980 Cu. F t  .> 

Primary S t r u c t u r a l  Material Aluminum 

S t r u c t u r a l  F loor  Area, Sq.Ft. -- U l t .  Design Load -- # / Sq . F t . 
Wetted Volume L i m i t  P r e s s .  

M i s  ce l  l a n  eous Area-Sq.Ft. Cu. F t .  D i f f . - p s i  
C r e w  Compartment 645 Sq.Ft.  980 Cu.Ft. 14.9 p s i  F.S. = 2.0 
Equipment Compartment 
Cargo Compartment 
Envelope 855 Sq.Ft . 1400 Cu.Ft. 

4 .  Induced Environment P r o t e c t i o n  (Common Modules Power Module ) 

Thermal P r o t e c t  i o n  Area- Sq . F t . Type Material 
R a d i a t i v e  
I n s u l a t i o n  811 Sq . F t  . Mult i - layer  (1") Myler 
Coolant System 

Noise P r o t e c t i o n  
Radia t ion  
Me te o r  o i d  811 Sq .Ft.  Bumper F i b e r g l a s s  

Fixed o r  deployable  Skin t h i c k n e s s  0.030~1 

feet  
Max. Closing Rate f e e t  /sec . 
Number of P o r t s  Diameter 
Length of Docking Tunnel f e e t  

Number of  P o r t s  4 Diameter (80" D i a .  ) 6.67 fee t  
Length of Access Tunnel (10") 0.83 f e e t  

Berthing: 

6 .  

7 .  

Propuls ion Ascent - Not Applicable  

Propuls ion  Cruise  - Not Applicable  
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Table  8-2. Power Module Data (Cont) 

DESIGN DATA SUMMARY IPAGE 2 of  4 
IDATE Nov. 1971 CONFIGURATION Power Module Launch l ~ y  Space S t a t i o n  Engr. 

8. Propuls ion  - A u x i l i a r y  

T h r u s t e r s  (Common Modules 1 
Thrus t  (Vac) -1b lSp- Sec ACS Quant i ty  Req CMG 

O r b i t  Maint. Desa tura t ion  

I 
( 1 

P r o p e l l a n t  Sys. Tank Tank Tank Burst  No. o f  

F u e l  
Oxid izer  
Fuel  P r e s s u r a n t  
Oxid izer  Press .  

Type Vol-ft3 Mat1 Pres-ps i  F a c t o r  Tanks 

Cont ro l  Moment Gyro (Common Modules ) 
Rotor  Angular Momentum 
Rotor Speed RPM 
May. Torque C a p a b i l i t y  f t . l b .  

l b  . sec. 

Manipulator  System (Common Modules 1 
Max. Module S ize :  Dia. f t . ,  Length f t .  
Max. Module Weight l b  . 
Max. Reach f t .  
Type R e p o s i t i o n i n g  C a p a b i l i t y  

9. Prime Power (Common Modules Power Module ) 
Spec i f  i c  T o t a l  
Power Power Type 

Batteries Watt-hrs/lb Watt -hrs  
Fuel  C e l l  Wat t-hr s / l b  Fuel  Wa t t -h r s 

Wat ts / lb  of Fuel  C e l l  Watts 
EPS G a s  Tanks (3) H2 @ 33" 1.0. ,  (3) 02 @ 10. 

S o l a r  C e l l  T o t a l  Area 7560 s q . f t . ;  E f f e c t i v e  Area 7000 s q . f t .  
Rated Power @ 55°C. 46.8 KW E.O.L. (56 KW B .O.L.) 
B a t t e r y  Deple t ion  R a t i o  

10. Electr ical  Power Convers ion/Dis t r ibu t ion  

System Voltage = 120/208 V o l t s  
Watts Peak Power - 

Average Power = 13 2 Watts 

11. Hydraul ic  Conversion & D i s t r i b u t i o n  - Not Appl icable  

12. Sur face  Cont ro ls  - Not Appl icable  

(Common Modules 1 

- 
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Table 8-2. Power Module Data (Cont) 

DESIGN DATA SUMMARY /PAGE 3 of  4 
CONFIGURATION Power Module Launch 

13. Avionics ( C o m n  Modules 

I B Y  Space S t a t i o n  Engr. I W E  Nov. 1971 

14.  Environmental Cont ro l  (Common Modules 
Tot. S t o r  S torage  Tank No. of  
Vol . - f t3  Pres .  Mat1 Tanks 

Gas Supply System ( ) ( 1 
Primary Oxygen 
Secondary Oxygen 
Diluen t 
Repress.  G a s  3 3 " I . D . f ~  (3) N2 @ 33T.D. Gas Requirement Average Rates - 
Metadol ic  = l b .  Man-Day 
Leakage = lb .  Day 
Repressur ize  = lb .  Repressur ize  
P r e s s u r i z e d  S u r n t 3  

Heat Transpor t  System Capacity = BTU h r  (Beak) 

Radia tor  Area = sq. f t .  Mate 1: i a1 
BTU h r  (Ave) - - 

15. Personnel  P r o v i s i o n s  (Common Modules 1 
Water Management System Capacity 

Drinking Water = l b .  Man-Day x Man Days 
Wash i n  g e; l b .  Man-Day x Man Days 
Cooling = l b .  BTU x BTU ' s 

Quarters  f o r  o f f i c e r s  men = t o  t a l  personnel  

16. Range S a f e t y  and Abort (Common Modules 

, 17. Ballast (Common Modules No ballast ) 

' Design C. G. Envelope Fwd = %L Af t  = %L 
Nominal C. G. Without Ballast = %L 
Nominal C. G. With lb. Ballast = %L 

18. Growth/Uncertainty (Common Modules None i n  Targe t  Weight ) 

Current  Allowance = l b  . 
Contrac tors  E s t .  of Allowance Needed t o  Guarantee 

Gross W t .  = lb.* 
Remaining Growth Allowance f o r  

Customer Changes = l b  . 
*For System Requirements as Defined by 

19. Open 
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CONFIGURATION Power Module Launch 

Table  8-2. Power Module Data (Cont) 

BY Space S t a t i o n  Engr. IDATE Nov. 197: 

20. Personnel  (Common Modules ) 

No. of  C r e w  = ; Ave P e r c e n t i l e  Man = 

21. Cargo (Common Modules ) 

22. Ordnance (Common Modules ) 

23-26, 23. Residuals  25. Reserves 26. I n - f l i g h t  
F l u i d s  Losses 

Cormnon Modules 
% of T o t a l  ( > (  > (  ) 

A u x i l i a r y  
prop u l  s i o n  

Environment a1 
Cont ro l  74 

L i f e  Support 
Electr ical  
Power 

27. P r o p e l l a n t  Ascent - Not &pl i ca  

575 

3 07 

I l e  

2 8 .  P r o p e l l a n t  C r u i s e  - Not Applicable  

29. P r o p e l l a n t s  Expended 
(Common Modules 1 

Spin/ O r b i t  CMG 
Despin Maint. S a t u r a t i o n  A t t i t u d e  

Oxid izer  /Fuel  R a t  i o  
Fuel  Densi ty  - PCF 
Oxidizer  Densi ty  - PCF 
Incrementa l  Veloc i ty  
Ave Isp 
Mission Performance Reserve % of lb. Wp 

8.12 

~ - 

SD 71-219 



Space Division 
North American Rockwell 

Table  8-3. SM-1 S t a t i o n  Module Design Data 
DESIGN DATA SUMMARY  PAGE 1 of 4 

CONFIGURATION SM-1 Launch I B Y  Space S t a t i o n  Engr. I D A T E  Nov. 1971 

1. 

2. 

Wing Group - Not Appl icable  

T a i l  Group - Not Appl icable  
Module Targe t  Weight 20000 l b s .  

3. Body Group (Common Modules Typ ica l  of S t a t i o n  Modules ) 
U l t i m a t e  Load Fac to r  

Design Condition Nx NY Nz @ Weight, l b .  

O r b i t e r  Boost -4.95 f 0.165 0.825 25000 
O r b i t e r  Landing +1.8 - 1.44 fr 0.90 4.5 25000 
Crash Condi t ion  +8.0 - 1.5 j, 1.5 +4.5 - 2.0 25000 

Basic S t r u c t u r e  Wetted Fwd Ctr Aft 
Area - f t 2  ( j (  1 

Sidewal Is 1577 Sq.Ft. 
Bulkheads Ring Frames 
P a r t i t i o n s  1120 Sq.Ft. 
Body Volume - cu. f t .  (To ta l )  P r e s s u r i z e d  Volume(4920 Cu.Ft) 

Primary S t r u c t u r a l  Material Aluminum 

S t r u c t u r a l  F loor  Area, Sq.Ft. 400 U l t .  Design Load 150-500 #/Sq.Ft. 
(Longi tudina l  ) 

Wetted Volume L i m i t  P r e s s .  
Miscellaneous Area-Sq.Ft. Cu. F t .  Dif f .  - p s i  

C r e w  Compartment 1640 Sq.Ft. 4920 Cu.Ft. 14.9 p s i  F.S. = 2.0 
Equipment Compartment 
Cargo Compartment 
Envelope 1760 Sq.Ft. 5310 Cu.Ft. 

4.  Induced Environment P r o t e c t i o n  (Common Modules Typ ica l  of S t a t i o n  Modules 

Material Thermal P r o t e c t i o n  Area- Sq . F t . Type 
R a d i a t i v e  
I n s u l a t i o n  1794 Sq .Ft . Mult i - layer  (1") Mylar + Envir . Cover: 
Coolant Sys t e m  

Noise P r o t e c t i o n  
Radia t ion  
Ne te o r  o i d  564 Sq.Ft. Bumper Aluminum 

Fixed o r  deployable  Fixed Skin t h i c k n e s s  0.030" 

5. Launch, Recovery & Docking (Common Modules Typica l  of S t a t i o n  Modules ) 

Docking : 
Max. Closing Rate f e e t / s e c .  
Number of P o r t s  Diameter f e e t  
Length of Docking Tunnel f e e t  

Ber th ing  : 
Nurnbe; of  P o r t s  2 Diameter(80" Dia.) 6.67 f e e t  
Length of Access Tunnel (10") 0.83 f e e t  

6. 

7. 

Propuls ion  Ascent - Not Appl icable  

Propuls ion  Cru i se  - Not Appl icable  
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Tab le  8-3. SM-1 S t a t i o n  Module Design Data (Cont) 

DESIGN DATA SUMMARY IPAGE 2 of 4 
I I 

CONFIGURATION SM-1 Launch IBY Space S t a t i o n  Engr. IDATE Nov. 1 9 7 1  

8. Propuls ion  - Auxi l i a ry  

T h r u s t e r s  (Common Modules 

Thrus t  (Vac) -1b ls p- Sec ACS Quant i ty  Req CMG 
Orbi t  Maint. Desa tura t ion  

P r o p e l l a n t  Sys. Tank Tank Tank Burst  No. of 

F u e l  
Ox id ize r  

Type Vol-ft3 Mat1 Pres-ps i  Fac to r  Tanks 

~ 

Fue l  P r e s s u r a n t  
Oxid izer  Press. 

Con t ro l  Moment Gyro (Common Modules 
Rotor Angular Momentum 

May. Torque C a p a b i l i t y  f t . l b .  

l b  . sec .  
Rotor Speed RPM 

Manipulator System (Common Modules 
Max. Module S ize :  D i a .  f t . ,  Length f t .  
Max. Module Weight l b  . 
Max. Reach f t .  
Type Rep0 s it ion ing  C a p a b i l i t y  

9.  P r i m e  Power (Common Modules ) 
Spec i f  i c  T o t a l  

Batteries 
Fue l  C e l l  

Power Power Type 
Watt-hrs/lb Watt -hrs 
Wa t t-hr s / l b  Fuel  Wa t t -h r s  
Wat t s / l b  of Fuel Cell Watts 

So la r  Cell T o t a l  Area s q . f t . ;  E f f e c t i v e  Area s q . f t .  
Rated Power KW 
Ba t t e ry  Deple t ion  R a t i o  

10. E l e c t r i c a l  Power Conver s ion /Dis t r ibu t ion  

System Voltage = 120/208 V o l t s  
Peak Power = Watts 
Average Power = 2300 Watts 

11. Hydraul ic  Conversion & D i s t r i b u t i o n  - Not Appl icable  

12. Sur face  Con t ro l s  - Not Appl icable  

(Coxmnon Modules 
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DESIGN DATA SUMMARY PAGE 3 of 4 

13. Avionics (Common Modules 

14.  Environmental Cont ro l  (Common Modules No Commonality 
Tot. S t o r  Storage Tank No. of 
V O l .  -f t 3  P res .  Mat1 Tanks 

G a s  Supply System ( 1 ( 1 
Primary Oxygen 
Secondary Oxygen 
D i l u e n  t 

Metabol ic  = 1.84 l b .  Man-Day 
Leakage = lb. Day 
Repressur ize  = lb .  Repressur ize  
P r e s s u r i z e d  Surface  Area - f t 3  1640 

Gas Requirement Average Rate s 

Heat Transpor t  System Capacity = BTU h r  (Beak) 

Radia tor  Area = 1230 s q . f t .  Aluminum Mater i a1 
- - BTU h r  (Ave) 

15. Personnel  P r o v i s i o n s  (Common Modules SM-1 and SM-4 ) 

Water Management Sys t e m  Capaci ty  

Drinking Water = 5.80 lb .  Man-Day x Man Days 
Washing - - 9-15 l b .  Man-Day x Man Days 
Cooling = _- l b .  BTU x BTU ' s 

Q u a r t e r s  f o r  1 o f f i c e r s  2 men = 3 t o  t a l  personnel  

16. Range S a f e t y  and Abort (Common Modules 

17 .  Ballast (Common Modules No Ballast 
I Design C.G. Envelope Fwd = %L A f t  = %L 

Nominal C. G. Without Ballast = %L 
_ - -  ~ - -_ - ~ 

- - _  

N o m i n a l  C - G. With lb. Ballast = %L 

18. Growth/Uncertainty (Common Modules None i n  Targe t  Weight ) 

Current  Allowance = l b  . 
Contrac tors  E s t .  of Allowance Needed t o  Guarantee 

Gross W t .  = lb.* 
Remaining Growth Allowance f o r  

Customer Changes = l b  . 
*For System Requirements as Defined by 

19.  Open 
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Table  8-3. SM-1 S t a t i o n  Module Design Data (Cont.) 

DESIGN DATA SUMMARY I P A G E  4 of  4 
CONFIGURATION SM-1 Launch IBY Space S t a t i o n  Engr. I DATE Nov. 1971 

20. Personnel  (Common Modules SM-1 ~5 SM-4 1 

No. of C r e w  = 3 ; Ave P e r c e n t i l e  Man = 

21, Cargo (Common Modules I n i t i a l  Exper, i n  SM-2 & SM-3 

22. Ordnance (Common Modules 1 

23-26. 2 3. Residuals  24. Reserves 26. I n - f l i g h t  
F l u i d s  Losses 

Common Modules SM-1 & SM-4 
% of T o t a l  ( 1 (  > (  1 

Auxi l i a ry  
Prop u l  s ion  

Environmental 
Cont ro l  1125 

L i f e  Support 6 
E l e c t r i c a l  
Power 

27. P r o p e l l a n t  Ascent - Not Applicable  

28, P r o p e l l a n t  Cru i se  - Not Appl icable  

29. P r o p e l l a n t s  Expended 
(Common Modules 

Spin/  Orb i t  CMG 
Despin Maint. S a t u r a t i o n  

Oxid izer /Fuel  R a t  i o  
Fuel  Densi ty  - PCF 
Oxidizer  Densi ty  - PCF 
Incremental  Veloc i ty  
Ave Isp 
Mission Performance Reserve % of l b .  Wp 

A t  t i t  ude 
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Table  8-5. SM-1 S t a t i o n  Module S u b s t a n t i a t i o n  Data 

3.0 BODY STRUCTURE 

The s t r u c t u r e s  subsystem p rov ides  t h e  module p r e s s u r e  e n c l o s u r e  as-well 
as t h e  l i v i n g  and working q u a r t e r s  conta ined  w i t h i n  t h e  s t r u c t u r e .  It pro-  
v i d e s  f o r  t h e  mounting of subsystem hardware and p rov ides  s t o r a g e  f a c i l i t i e s .  

Basic S t r u c t u r e  weights  w e r e  e s t ima ted  from pre l imina ry  s t r u c t u r a l  
s i z i n g s ,  and i n c l u d e  t h e  fo l lowing  i t e m s :  

S ide  Wal Is 

Outer  Walls t = 0.145" A l .  Monocoque 
1577 Sq. F t .  @ 2.025 #/Sq. F t .  

Drag Longerons (2) 
2.50 Sq, I n .  Max. Sec t ion  300" Long 

Inc reased  Thickness  @ P o r t s  & Aux. Pass. 
(2)  P o r t s  SI (1) Aux. Package 

Weld l a n d s ,  i n e f f e c t i v e  material, e t c .  
Allowance @ 10.1% of 343311 = 34711 

Bulkheads 

Hatch Bulkheads @ 2 Ber th ing  P o r t s  
80" D i a .  less ha tch  = 17.4 Sq. F t .  each 
Bu i l tup  S t r u c .  @ 6.0 #/Sq.Ft .  x 17.4 Sq.Ft.  
= 10411 each  

Ring Frames (3) 

2.50 Sq.In.  Sec t ion  x 528" Circum. = 13611 
each  

A m .  Passage Bulkhead (1) 
48" D i a .  less h a t c h  = 5.5 Sq. F t  . 

3780 

3193 

1 1 4  

126 

347 

74 0 

208 

408 

61 

B u i l t u p  S t ruc .  @ 11.0 #/Sq. F t .  x 5.5 Sq. F t .  
= 61# 

Attachments & Mounting P r o v i s i o n s  63 
Allowance @ 9.3% of  677# = 63# 

F i t t i n g s  

S h u t t l e  Trunnion F i t t i n g s  ( 4 )  
B u i l t u p  Forging @ 3011 each  

180 

120 
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Bas i c  S t r u c t u r e  (cont inued)  

Manipulator  Sockets  (4) 
Buildup Forging @ 151 each 

T o t a l  Basic S t r u c t u r e  4 700 

Page 2 o f  7 

60 

Secondary S t r u c t u r e  weights  w e r e  e s t i m a t e d  from p r e l i m i n a r y  s t r u c t u r a l  
s i z i n g s  and i n c l u d e  fo l lowing  i t e m s :  

C r e w  Compartment 

C e i l i n g s  
Foam-filled f i b e r g l a s s  honeycomb f a l s e  
c e i l i n g s  @ 0.60 #/Sq. F t .  x 260 Sq. F t .  
= 156# 

P a r t  i t  i o n s  
Foam-filled f i b e r g l a s s  honeycomb p a r t i t i o n s  
@ 0.36 # / S q .  F t .  x 1120 Sq. F t .  = 404# 

F l o o r s  
Aluminum Honeycomb Sandwich Floor  
t = 4" @ 2.67 # / S q .  F t .  x 270 Sq.  F t .  = 721# 
t = 2" @ 1.99 # / S q .  F t .  x 130 S q .  F t ,  = 259# 
P e r i m e t e r  Ring = 43il 

Attachments and Mounts 
Allowance @ 9.9% of 1724# = 171# 

Cargo Compartment 

Cargo Handling R a i l s  @ 2.0 # /F t .  x 35 F t .  

S torage  Panels  @ 0.72 #/Sq. F t .  x 75 Sq. F t .  

Attachments & Mounts Cd 10% 

Equipment Compartment 

U t i l i t y  Ducts @ 0.44 # / S q .  F t .  x 570 Sq. F t .  

Attachments & Mounts @ 10% 

Doors/Hatches/Windows & Access Domes 

Ber th ing  P o r t  Hatches (2) 
Alum. Honeycomb Sandwich Hatch 42" x 66" 
w i t h  window 14" D i a ,  
@ 7.75 # / S q .  F t .  x 17.5 Sq.  F t .  = 136# each 

1895 

156 

40 4 

102 9 

135 

1 7 1  

138 

70 

54 

1 4  

275 

25 0 

25 

4 08 

272 
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Secondary S t r u c t u r e  (cont inued)  

A u x i l i a r y  Passage Hatch (1) 
Alum. Honeycomb Sandwich Hatch 36" D i a .  
w i t h  window 4" D i a .  
@ 7.50 #/Sq. F t .  x 7.07 Sq. F t .  = 53f 

Window (1) 14" D i a .  
Three Pane window w i t h  frames & seals 

Mounting P r o v i s i o n s  @ 10.5% 

A u x i l i a r y  Pas sage  

A u x i l i a r y  Passage Hardware 
40" D i a .  S e a l  Ring Aux. P o r t  Hardware 
i n c l u d i n g  S e a l  Ring, Ring Mount, S e a l s  and 
Latches  

Brackets, Doublers,  e tc .  
4.9% Body S t r u c t u r e  I t e m s  = 36711 

53  

44 

39 

135 

135 

367 

T o t a l  Secondary S t r u c t u r e  3218 

4.0 INDUCED ENVIRONMENT PROTECTION 

The environment p r o t e c t i o n  subsystem provides  tempera ture  and heat 
c o n t r o l  by p a s s i v e  thermal  des ign  techniques ,  and s h i e l d i n g  t o  b r e a k  up and/ 
o r  d e f l e c t  micrometeoroids  which may o t h e r w i s e  endanger the s t a t i o n  module. 

Thermal P r o t e c t i o n  weights  were e s t i m a t e d  from p r e l i m i n a r y  d e s i g n  s t u d i e s  
and i n c l u d e  fo l lowing  i t e m s :  

I n s u l a t  i o n  359 

I n s u l a t i o n  Blanket  Assembly t = 1" 204 
4 0.25" t h i c k  assem. of  10 l a y e r s  of 
Myler s e p a r a t e d  by s p a c e r s  
@ 0.1135 #/Sq. F t .  x 1794 Sq, F t .  = 20411 

Liner/Bumper o f  10 m i l  Kapton 132 
@ 0.0734 f /Sq .  F t .  x 1794 Sq. F t  = 13.211 

Vent F i t t i n g s ,  etc. 12 
@ 0.0071 # / S q .  F t .  x 1794 Sq. F t .  = 1 2 1  

Window P r e s s u r e  Cover & Envir .  S h i e l d  11 
14" D i a .  Window & 20" D i a .  Envir .  S h i e l d  

T o t a l  T h e r m a l  P r o t e c t i o n  35 9 
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Meteoroid P r o t e c t i o n  weights  w e r e  e s t i m a t e d  from p r e l i m i n a r y  d e s i g n  
drawings and s t r u c t u r a l  s i z i n g .  The primary bumper meteoroid p r o t e c t i o n  i n  
r a d i a t o r  area is n o t  inc luded  h e r e  as i s  i n t e g r a l  w i t h  r a d i a t o r .  The remain- 
i n g  i n c l u d e s  t h e  fo l lowing:  

- 

Primary Bumper t = 0.030" Alum. 25 0 
1794 Sq. F t .  - 1230 Sq. F t .  R a d i a t o r  = 564 S q .  F t .  
@ 0.4450 # / S q .  F t .  x 564 Sq. F t .  = 250# 

Reinforcements 
@ 0.1185 # / S q .  F t .  x 564 Sq .  F t .  = 67# 

Closeouts  and Supports  
@ 0.1234 #/Sq. F t .  x 564 Sq. F t .  = 7011 

67 

70 

T o t a l  Meteoroid P r o t e c t i o n  387 

5 ,O LAUNCH, RECOVERY & DOCKING 

The b e r t h i n g  subsystem p r o v i d e s  f o r  t h e  coupl ing and uncoupling of  a l l  
modules. An area f o r  shirtsleeve environment t o  t r a n s f e r  crew, cargo and 
equipment between modules is provided.  

Ber th ing  weights  w e r e  e s t i m a t e d  from s i z i n g ,  c o n s t r u c t i o n  and materials 
as developed by t h e  Design Group on drawing number VO30-942004, "Berthing 
P o r t  Assembly," and i n c l u d e s  fo l lowing  i t e m s :  

(2) End P o r t s  @ 80" D i a .  & 10" Long 

(1) 
Mating Ring (80" Dia.)  
Tunnel (10" Long) 
Seals (80" Dia.)  
Alignment Guides (4) 
U t i l i t y  L i n e r  
Ber th ing  Latches  (12) 
Hardware & Min. 

T o t a l  Ber th ing  

Active P o r t  + (1) 

97 
44 
10  
32 
20 
3 6  
1 6  

255 @ 1 + 

P a s s i v e  P o r t  

97 
44 

0 
4 
0 
0 

1 0  - 
155 @ 1 = 410 

U t i l i t y  I n t e r f a c e s  weight  i s  al lowance f o r  supply ing  u t i l i t i e s  through 
the Ber th ing  P o r t s .  

Ha r dwa r e 2 P o r t s  @ 36# each 72 

Attachments 11.1% (72) = 8# 8 

T o t a l  U t i l i t y  I n t e r f a c e s  80 
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9.0 PRIME POWER 

The on ly  i t e m s  of electrical  power s o u r c e  i n  SM-1 are t h e  e l e c t r o l y s i s  
Fue l  c e l l s  are i n  co re  and tankage i s  u n i t s  and t h e i r  a s s o c i a t e d  plumbing, 

i n  co re  and power boom. 

Fuel  C e l l s / E l e c t r o l y s i s  U n i t s  weight w a s  e s t ima ted  from systems group 
s t u d i e s  and i n c l u d e s  fo l lowing  i t e m s :  

Suppor t s / I n s t a l l a t  ion/Tankage 122 

Plumbing, Regula tors  & Valves 
Mounts & Supports  10.2% (695) = 71# 

51 
7 1  

E l e c t r o l y s i s  U n i t s  (2) @ 322# 644 

T o t a l  Fue l  C e l l s / E l e c t r o l y s i s  7 66 
U n i t s  

10.0 ELECTRICAL CONVERSION & DISTRIBUTION 

Main i t e m s  of electrical  convers ion  and d i s t r i b u t i o n  i n  SM-1 are t h e  
w i r i n g  and the l i g h t i n g .  

Equipment weights  were es t ima ted  from t h e  Electr ical  Power Subsystems 
equipment l ist and i n c l u d e s  fo l lowing  i t e m s :  

Conversion 1 4  
(2) Autotransformers  & R e c t i f i e r  F i l t e r s  @ 7# = 1411 

D i s t r i b u t i o n  & Contro l  C i r c u i t r y  weights  w e r e  e s t ima ted  from t h e  equip- 
ment l i s t .  

Buses (2) @ 31# = 62# 62 

Wiring 30% (2300#) = 69011 i n  SM-1 690 

Feeders  4 

T o t a l  D i s t r i b u t i o n  & Control  756 

U t i l i t y  Systems weights  were es t ima ted  from EPS s t u d i e s  and i n c l u d e  
fo l lowing  : 

I n t e r n a l  L igh t ing  (50) @ 2.5# = 12511 125 

Recogni t ion L i g h t s  8 

Mounts & Supports  9.8% (133) = 1 3  1 3  

T o t a l  U t i l i t y  Systems 146 
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S u p p o r t s / I n s t a l l a t i o n  allowance i n c l u d e s  t h e  above equipment mounts and 
suppor t s  (excluding U t i l i t y  System). 

Mounts & Supports  10.3% (770)  = 8011 80 

1 3  0 AVIONICS 

Data Management weight i n  SM-1 Module w a s  e s t ima ted  from Informat ion  
System d e t a i l  s t u d i e s  and inc luded:  

Un i t s  

Data Bus Cont ro l  Unit  
C e n t r a l  Timing Unit  
C e n t r a l  P rocesso r  
Remote Acqu i s i t i on  Cont ro l  ( 1 2 )  @ 5# = 
Computer Programs 
Microfi lm 

C i r c u i t r y  ( I n t e r n a l  Cab l i n g )  

I n s t a l l a t i o n  

Communication 

4.3% ( 7 4 0 f )  = 

T o t a l  Data Management 

weight  i n  SM-1 Module w a s  e s t ima ted  
inc ludes :  

Un i t s  

Ku-Band Non-Integ. E lec t ron .  
S-Band Transponder ( 2 )  
VHF Transponder ( 2 )  
Communications Rack 
Recording Un i t s  
Audio Video Uni t s  (6)  
Hardwire Intercommunication 
TV Camera - Color 
TV Camera - Black & White 
TV Monitor - Color  ( 4 )  

C i r c u i t r y  (Misc. I n t e r n a l  Cabling) 

Antennas 

Ku-Band Antenna (1) 
Ku-Band Antenna Mounted E l e c t .  
S-Band Semi-Directive Ant. ( 2 )  
VHF Antenna ( 2 )  

727 

15 
18  

554 
60 
65 
15 

13 

32 

7 7 2  

from s t u d i e s  and 

7 19  

20 
60 
40 

291  
135 

54 
10 
5 
4 

100 

23 

234 

150 
80 

2 
2 
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Communication (cont inued)  

I n s t a l l a t i o n  

Ku-Band Ant. Extens ion  S t r u c t u r e  
Mounts & Suppor ts  4.5% (742) = 

T o t a l  Communications 

Disp lays  weight i n  SM-1 Module 

U n i t s  

Opera t iona l  Contro 1 Console 
Commanders Cont ro l  Console 
P o r t a b l e  Cont ro l  Console 

I n s t a l l a t i o n  5.0% (455) = 

To t a l  Disp lays  

5 14 

480 
34 

1490 

455 

331 
67 
57 

23 . 

47 8 

14.0 ENVIRONMENTAL CONTROL 

T h i s  subsystem and t h e  remaining subsystems were a l l  e s t ima ted  from 
d e t a i l  equipment l ists  from subsystem s t u d i e s .  

The d e t a i l e d  characterist ics of  t h e  i n d i v i d u a l  equipment i t e m s  t h a t  
formed t h e  b a s i s  f o r  t h e  weights  are inc luded  i n  t h e  system s p e c i f i c a t i o n ,  
DRL 66, V o l .  SD71-215. 

8.24 
SD 71-219 



N + 

Space Division @A!! North American Rockwell 

N 
I 

a) 
U 
rd 
E: 
.ri a 
M 
0 

U 
a 

N 
I 
00 

8.25 
SD 71-219 



Space Division 0 North American Rockwell 

-X -- 

STATION MODULE 

POWER MODULE 

Figure  8-3. Module Coordina te  Systems 
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Figure 8-4. Core Module Diagram 
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F i g u r e  8-4. Core Module Diagram (Cont) 
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